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OF THE 


MATHEMATICS 


CONTAINING = 
The EvcriDtan GEOMETRY, Plane and Spherical 
Tx1GONOMETRY; the Projection of the SeHtxe, both 
Orthographie and Stereographic, ASTRONOMrT, the 
Us R of the GL. oBtsand NAVIGATION: 

The Manner of Computing the Apps Es of the Moon to] 
the Fixed Stars, and their Occultations by the Interpoſition of 
Her Body, very uſeful for determining the Difference of Longitude 
between Places. With an Account of the ſeveral Mz THoDs 
Propoſed and made Uſe of, by the moſt celebrated Aſtronomers 
for aſcertaining the ſame. _ | | 
New Sotar TaszLzs, with their Conſtruction and Uſe. Tables 


MH of the Sun's Place, Rigbt Aſcenſion, Declination, Equation of Natural] | -#® 
* Days for every Four Tears; with Tables of Variation to make them | 
N | ſerve for a Hundred Years to come; and a Catalogue of the Rigbr-Aſcenſfions,} 


Declinations, Sc. of the moſt Eminent Fixed Stars: Deduced from the] 
FLAMSTEDIAN OBSERVATIONS, 2 
The Conſtruction of the Meridional Parts, Logarithms, Sines, Tangent, 
A and Secants, both Natural and Artificial, by the NEwToNian SERIES. 
| With an Account of the Cycles, Periods,” Epoch's, Epacts, Kalendars, Sc. 
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- | ALSO | | | 
_*F [jA Tazts of Meridional Parts for every Degree and Minute! 
of Latitude to the Ten Thouſandth Place in Decimals, calculated de Noro 


Together with a Large and very Uſeful TABLE of the Latitudes} | 
and Lonzitudes of Places; the whole being deſigned for the Uſe of the 
MATHEMATICAL SCHOOL, founded by King CHAR LES II. ; 
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By FAMES HODGSON,||+ Þ 
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Maſter of the Royal Mathematical School in Chriſt's Hoſpital, 
and Fellow of the Royar Society. 
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„ I zs now oc Years ſince I publiſhed a Trea- 
ide, intituled, The Theory of NAVIGATION 

-- Me Demonſtrated ; and having ſince that Time been 
l choſen Maſter of the Royal Mathematical 
P SGSchool, where the Inſtructing of Youth in Aſcro- 

rom and Navigation fell more immediately un- 
der my Care; and as the Methods at that Time in UB, did 
not appear to me ſo Rational and Inſtructive as I could have 
wiſhed for, I tet my ſelf in good Earneſt to make ſuch Al- 
terations andgAdditions in the Form and Manner as I judgd 
moſt convenient; and as the Method made Uſe of in the 
above-mentioned Book, met with a kind Reception from 
thoſe Perſons whoſe Inclination or Buſineſs led them to Con- 
template theſe Parts of the Mathematics, I reſolved to make 
the Method there obſerved, my Rule to walk by, and to 
Explain and Amend the Scheme in General: And hence 
aroſe what is contained in the following Sheets, which is 
an Account of the Method that I have made Uſe of with 
ſome Succeſs ſince that Time, in the common Courſe of 
my Practice; and that the Reader may the better be led in- 
to the Nature of the Deſign, it will be neceſſary to give 
him ſome ſhort Account of the Work it ſelf. 

The 1ſt Part contains an Abridgment of the firſt Six 
Books of the Eaclidean Geometry, after a Manner different 
from what has hitherto appeared abroad, or that I have 
met with; wherein the Chief and Primary Propoſitions are 
demonſtrated intirely an a Manner ; and thoſe which 
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more immediately depend upon them are deduced as Corol- 


 larys, (except in the Fifth Book, where I have taken the 


Liberty to 1ntroducethe Algebraic Way of Reaſoning, and De- 
monſtrated the Laws of Proportion from the Nature of Ratio's 
conſidered ; having found it much more eaſily attained by 
young Beginners this Way, than from the Conſideration of 


x; ray, 0 &c.Jand though it is impoſſible that ſo ſtric 


a Connection and Dependence of the ſeveral Propoſitions can 
be here obſerved as in Euclid it ſelf; yet it is abundant. 
tly ſufficient for my Purpoſe, and the more inquiſitive 
Reader has ncthing more to do, when he meets with any 
Difficulty » than to apply to Euclid himſelf; and in rea- 
ding this Abridgement, he has this Advantage above read- 
ing of others, that the Canal by which his Knowledge is 
conveyed, is the ſame, and his Way and Manner of Rea- 
ſoning and thinking perfectly the ſame; for as in my pri- 
vate Opinion the Manner of Demonſtrating the Elements of 
Geometry as delivered by Exclid himſelf is not to be mend- 
ed; ſo I have endeavoured to keep as cloſe tF his Method 
as. the Nature of my Deſign would admit of OT, 
In the 24 Part there is an Account of various Methods 
for Computing the Natural Sines, Tangents and Secants with 
an Inveſtigation of the ſeveral Series invented by Sir Iſaac 
Newtor, for finding the Length of the Circumterence of 


tlie Circle, in equal Parts of the Radius, of the Siu, Tangent 


and Secant, of any Arch in the ſame Parts; with the Appli- 


cation of the ſame Series to the conſtructing of the Jian 
gular Canon, the Quadrature of the Circle, and the Soluti- 


* 


on ot the Archimed/an Problems relating to the Sphere, the 


„Cylinder, the Cone, &c. Alſo a Demonſttation of the ſeve- 


ral Propoſit ions commor ly called Axis, for the Solution of 
the ſeveral Caſes in Plaue Iriang les; and the actual Solution 
of the ſame Caſes in all their Varieties and Ambiguities. 


The 
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The 34 Part to the End of the 184h; Section, contains 
what is properly called Navigation ; and begins with an 
Introduction preliminary, to the various Kinds of Sailing; 
the Solution of the ſeveral Caſes relating to a ſingle Courſe; 
and the Solution of ſome uſeful Traverſes, with a large 
Traverſe Table, and its: Uſes, very neceſſary for the ready 
working of Traver/es. | | 

In the Oblique Sailing, you have the Solution of the moſt 
uſeful Problems, ſuch as thoſe for meaſuring inacceſſible 
Diſtances, Surveying, of Harbours, finding the Courſe 
and Diſtance to hit a Place upon a Wind, determi- 
ning the Leeway, and allowing for Currents, with various 
Ways of expreſſing the ſame Problem, and variety of unre- 
ſolved Problems to exerciſe the Learner. 288 

The Way and Manner of finding the Bearing and Dif- 

tance of Places by the firing of Guns, may be uſeful 
ſometimes in diſcovering how far Ships are diſtant from 
each other, after they have been ſeparated, or in Times of 
Engagement; and for meaſuring the Diſtances of Places, 
when more certain Methods cannot tae Place, 
Alter this follows the Solution of ſuch Problems as ariſe 
from Sailing under a Parallel, with a Table ſhewing the 
Breadth of a Degree of Longitude, in any Parallel of La- 
titude ; with the Application of both: to the finding of the 
Difference of Longitude, by the help of the Middle Latitude, 
commonly called Miaals Latitude 5 all ing. : 

In the Mercator's Sailing, you will meet with a Two-fold 
Solution of each of the Problems, the Conſtruction and Uſe of 
the Chart thewn, and ſome Endeavours to explain ſuch Diffi- 
culties as, Perſons not well skill'd in Geometry and young 
Beginners are apt to meet with, and that I might render 
this truly uſeful Part of Navigation more Compleat, I have 

iven a i able of Meridional Parts, calculated a- new, and 
independent. of each other, to much greater Degrees of Ex- 
actneſs than has ever yet appeared; and to induce the Va- 
2 Vfl 


iv 
| viaator to make Uſe of this Kind of Sailing, I have ſhewn- 
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him how a Traverſe may be work'd, by the common Ta. 
bles of Difference of Latitude and Departure, and the true Dif. 
ference of Longitude thence found, in as little Time almoſt 


as is required to perform it the common Way. 


In Great Circle Sailing T have given Examples in all the 
Varieties of Poſitions of Places, touched upon the Difficulty 
of applying it to Practice, and ſhewn the near Agreement 
of it with the Mercator s Sailing; and in Order to lead the 
Reader into a true and perfect Knowledge of The Theory of 
the Art of Navigation, I have given a Solution of the two 
principal Problems in Navigation, from the infinite Series ; 


by the help of Multiplication and Diviſion, without the 


Aſſiſtance of the Tables of Logarithms, Sines, Tangents Se- 
cants, Meridional Parts, or any Artificial Numbers whatſo- 
ever: f 8 98 

In the next Place there are varieties of Ways for finding 
the Latitudes of Places from proper Data; with a very Cor- 
rect Table of Refra#tons, and the Law of Re fraction it ſelf 
laid down and demenſtrated. F 

The Methods propoſed for diſcovering the Difference of 
Longitudes of Places, are, each of them confirmed by Ex- 
amples, qemonſtrably true; and ſuchas have been approved of 
by the ableſt Aſtronomers and Mathmaticians of all Times, b 
which the Deſcription of this our Earth has been obtained, 
and may be often put in Practice if thoſe whoſe Buſineſs 
and Intereſt it is, would apply themſelves to it, ; 

The Rules for finding the Variation of the Compaſs ſuc. 
ceed, together with proper Methods for meaſuring the 
Ships Way, for correcting the Courſe, by making pro- 
per Allowances for Leeway, Variation, and other Accidents. 
The Manner of working of Days Work, and Journalixing 
the ſame, with an Example of a fix Days Run, which 
compleats that Part which falls properly under the Head of 
Navigation, | $34 

| The 


3 —— 


. 28 — - | 9 A , IF Lf * * Ko WS... 
-» * 1 9 ” 
The Preſace.' | | 
7 12 b >. 17 
Pp —— re ACE. ' ö 
. 


BY Deen Sockiont which ' follow in this Part, 
and compleat the Volume, © were deſigned to come im- 
mediately after the End of the 5th Part; but as they could 
not well be placed there without cauſing the 24 Volume to 
ſwell to an unuſual Size, it was thought” proper to place 
them where they are; and ſince they follow in Order, it 
may not be amiſs to ſpeak of them in this Place. 

And firſt you have an Account of Time, and of the 
ſeveral forts of Days made Uſe / of by Aſtronomers , 
wherein conſiſts the Inequality of the Solar Day and its 
juſt Quantity enquired into and ſtated; and Tables 
ſhewing how much it differs from the Mean Day, to every 
Day in the Years 1724, 1725, 1726, 1727, with a Table 
ſhrwing how much the Equation: varies in One Hundred Tears ; 
all calculated a-new, from the beſt Solar Tables; very 
neceſſary to be well underſtood by every one, who intends to 
apply himſelf to the Calculation of Splar and Lunar Eclipſes ; 
the Appulſes of the Moon to the Fixed Stars, and the apply- 
ing of A{tronomical Obſervations 'to UſſGmeGCC. 

And becauſe the Knowledge ot the Suff*s Place in the 
Ecliptic is the Principal Poſtulatum in all Problems of the 
Sphere, I have given new Solar Numbers, deduced from the 
Flamſteedian Obſervations made at Greenwich, with their Con- 
ſtruction and Uſe: And inaſmuch as a Knowledge of the 
Declination of the Sun is the next Thing wanting, and an 
Ingredient in almoſt every Ai#ronomical Problem, I have 
added for the Eaſe of Calculation, Tables ſhewing the Decli- 
nation of the Sun to Seconds, to every two Minutes of the Qua- 
drant; as alſo Tables {bewing the Right Aſcenſion of the Sun 
to the ſame Degree of Exactneſs, whereby the Sun's Place 
being known or given, you have his correſponding Right 
Aſcenſion and Declination by Inſpect ion. 

The Laws of Orthographic Projection, are laid down and 
.demnnſtrated in a more General Way than is to be ſound 
in 
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in the Books now in Uſe, with their Application to the 

Projection of the Sphere upon any Plane ; and the Uſe of 
or Projections in the Solution ot the common Aftrazomical 
Pro ens. 8111 Tf] I f f B. . 

The Solution of all the Principal Problems in Aftronomy, 
ariſing from the Revolution of the Earth about her Axis, 

upon the Copernican Hypatheſis, are delivered in as plain a 
Manner as I believe the Subject will admit of. 

In treating upon the Globes, I have explained the Na. 
ture of the ſevera! Cireles and Appurtenances, and Exem. 
plified their Uſe in the Solution of the chief Problems in 

Navigation and Aſtronomy. | | 

And inaſmuch as a Knowledge of the Epadts, Cycles, &c. 
are of very great Uſe in many Caſes, and the Ways of find- 
ing them delivered generally by Rules only, I have made 

ſome Enquiry into the Nature of them, ſhewn from whence 
they ariſe, and the. Manner how they may be found, de- 
duced the Rales for making the Kalendar, and determi. 
ning the Times when the New and Full Moons and move- 
able Feaſts, t. will happen. | 

After this you have a Diſcourſe of the Nature and Con- 
fruction of Logarithms, with various Examples of making the 

ſame; and the Manner of computing the Artificial or Lo- 
garithmic Sines, Tangent, and Secants, from the Length of 
the Arch of the Circle firſt given, in equal Parts of the Ra- 
dius , independent of the Tables of Logarithms, Natural 
Sines, Tangents and Secants with Examples; in the Per- 
formance of which, conſidering the uſefulneſs of the Mat- 
ter, I have endeavoured to deliver my ſelf with as much 
Clearneſs as I was capable of. . 

The Fourth Part begins the Second Volume, and contains the 
Projection of the Sphere, in which the Laws of Stereographit Pro- 
jection are explained and demonſtrated, and applied to the 
drawing of Great and Small Circles upon any Plane Sterecg ra- 


phic ally, 
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phically, to the Aaying off any Number of Degrees, and of 
meaſuring any Part or Portion of a Great or Small Circle 
when projected, different Ways, and in all the Varieties. 
Alſo Spherical Trigonometry, in which the Nature and 
Properties: of Spherical Triangles are explained at large, 
all the Axioms demonſtrated, and the actual Solutions of all 
the various Caſes, as well Stereographically. as Lagarichmical- 
% various Ways, and to as great Degrees of Exactneſs 
- as ma | EDI ORC) us | 
| The 5th and laſt, Part, contains the Application: of 
the Projection of the Sphere, and Spherical Triangles, to 
the Solution of the moſt uſeful Aſtronomical Problems; 
wherein are ſhewn the Proj-&ion. of the Sphere Sterco- 
grayhicaly,; upon the Planes of the ſeveral Great Circles 
of the Sphere, with their Uſes; and the Solutions of all the 
chief Prabiems in Aſtronamy, relating to the Sun or Stars, ariſing 
from the Diurnal Motion ot the Sun, according to the Prole- 
maic Syſtem, in all their Vat ieties and Ambiguities; with the 
ſeveral Methods made Uſe of by Aſtronomers for aſcertaining 
the Places of the Fixed Stars, and Flanets, illuſtrated 
with Examples of actual Obſervations : The Doctrine of Pa- 
rallaxes, with the Manner of computing the Times of the 
Appul.es of the Moon to the fixed Stars and their Occulta- - 
tions, by the Interpoſition of her Body, with an Example of 
each; likewiſe new Tables of the Sun's Place, Declination, E9«. 
for the next Hundred Years to come, computed from the 
beſt Solar Numbers, to the greateſt ExaQneſs poſſible. 
A very Correct and Exact Catalogue of the moſt Eminent 
Fixed Stars, and the largeſt and (I belieye; cor recteſt Ta- 
= of the Latitudes aud Longitudes of Places yet pub- 
liſhed. _ 0 | El » | 
As the only. End of Writing is Information, ſo I have 
endeavoured thro'out the Mhole Courſe of this Work to de- 
liver every thing with as much Plainneſs as poſſihle, and if 
| F in 
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| in my eager Purſuit after this, I may hae ſometimes over 
| - done it, and by ſtriving to make it very plain, have ren- 
= dered it not quite ſo clear (a Thing not impoſſible) I am 
ſatisfied the Candid and Ingenuous Reader will readily for- 
give me, eſpecially ſince tis a Fault ſeldom to be met with 
in Mathematical Books now-a Days 
As to the Work in General, I can't recollect that there 
1 is one Thing left undemonſtrated, that is capable of it; and 
| ads the Calculations are all done to the greateſt Degree of 
ExaCtneſs, and have all gone through my own Hands, if 
1 any ſmall miſtake may have happened, which in a Work of 
A" this Bulk is not altogether unlikely; I am ſure the gene- 
| rous and honeſt Part of Mankind will readily excuſe it ; and 
the rather, in that the Papers have not been ſubjected to 
the View and Judgment of any one Perſon ; and as for 
thoſe Perſons whoſe Excellency lies in finding Fault with 
every LOS and very often when there is no real Occa- 
ſion, and of diſcovering Errors where there are none; all 
that ſeems needful to be ſaid to them is, that they would 
produce ſomething better. AAS. - ron | 
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A Ontains the principal and moſt uſeful Propoſitions of the firſt 
( fix Books of Euclid's Elements, demonſtrated after the Euclidean 


Geometrical Definitions Fay 
Poſtulata's and Axiome | 98 
Propoſition the 1/ of Euclid, &c. p. 7 


The Rules for railing and letting fall Perpendiculars, biſecting Right- 


lines and Angles, Cc. demonſtrated, p. 10 
The Method of drawing Parallel Lines demonſtrated p. 14 
Several Properties of Triangles demonſtrated p. 16 
A Demonſtration of the Method of meaſuring any Right-lined Fi- 


ure 1 
The Method for Transformation of Planes demonſtrated 1 16 
The Method of adding and ſubſtracting Squares, to and from each 

other, demonſtrated | | 15 58 Pp. 19 
The Abſurdity of the common Way of multiplying Money by Mo- 
ney, ſhewn and demonſtrated "1908 P. 21 
The Method of Extracting the Square Root out of any Number, 
ſhewn and demonſtrated 7 22 
How to cut a Right-line according to extream and mean Ratio, 
ſhewn and demonſtrated 


$6 er e, P. 2 
The Method of drawing Tangents to the Circle, and ending he 
Centers of Circles, ſhewn and demonſtrated. * „ Þ» 26 

Vſctul Properties of the Circle demonſtrated P. 27 


The Method of raiſing and letting fall Perpendiculars, at, and over 
the End of a given „ ſhewn and demonſtrated p. 28 
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e NT . 
Several other uſeful Properties of the Circle demonſtrated p. 30 
Methods for inſcribing in and circumſcribing Figures about a 
Circle, ſhewn and demonſtrated p. 34 
T by _ and primary Properties of Proportion, ſhewn and demon- 
rated eee 4858 | 39 
The M. thod for finding the Sum of any infinite Series, in a: 4 
vic Progreſſion, ſhewn and demonſtrated P. 40 
How to find the Sum of any infinitely decreaſing Series, in a Geo- 
metric Progreſſion. * Pp. 41 
How to divide Lines and Triangles in any given Ratio P. 46 
How to find a mean, Proportional between any two given Lines, and 
to divide a Triangle in any given Ratio, by a Line drawn.paral-. 
lel to one of its Sides 4 
Univerſal Laus for Transformation of Planes, laid down and de- 
monſtrated | p. 50 
An eaſier Way of demonſtrating ſome Properties of the Circle g. 54. 
Ho to enlarge. or diminiſh Right- lined Figures in any given Kato, 
ſhewn and demonſtrated 's | p. 52 
How to find the Ratio that like Figures have to each other, ſhewn 
and demonſtrated. | 1 P. 53. 
| How to find the Sum or Difference of any two ſimilar Figures p. 54 


[! Dontains the Science ot Plane. Trigonometry From g. 5416 7. 2134 


S ECTTON I. 
| | | Contains the Definition and Conſtruction of the Lines uſually appli- 


ed to the Circle, ſuch as Chords, Sines, &c. From p.54 top. 59. 


TFrigonometrical Definitions | $ P. 54 
The Geometrical Conſtruttion of Sines, Tangents, &c. p: 56 


SECTION II. 


Contains ſeveral Methods for conſtructing the Tables of Sines, Tan- 
" gens and Secants, Squaring the Circle, and the Menſuration of 
bach Superficics and Solids as depend upon the Circle, (From . 59 


to 
_ 


* 


CONTENTS. iii 
- The Sine of an Arch being given, to find the Sine of its Comple- 


ment f * "14 | 90189 2. 59 
The Sine of an Arch being given, to find the Sine of half the Arch. 
The Sine of an Arch being given, to find the Sine of the double of 

that Arch 1 8 p. 60 
The Sines of two Arches being given, to find the Sine of the Sum 


or Difference of thoſe Arches = | 55 Pi. 61 
The Sines to 30 Degrees being given, to find from thence the Sines 
to-6o Degrees . 68 


The Sines to 60 Degrees being given, the Sines from thence to 90 
Degrees may be found, by Addition ot thoſe already found, the 


Manner how, ſhewn and demonſtrated * | p. 62 
The ancient Method of making the Table , Sines, ſhewn and de- 


monſtrated 1 p. 63 
The Difficulty attending this Method F; -þÞ 63 
The ancient Way of finding the Proportion of the Diameter of any 
Circle to its Circumference | p. 64 
The Modern Way of doing the ſame ; 2 64 
An Inveſtigation of a Series for finding the Length of any Arch 


from its Right Sine. . 65 
The Series it ſelf for finding the Length of any Arch from its Right 
Sines, ſhewn and demonſtrated b 66 


The Application of the ſame Series for finding the Length of the 
Arch of 30 Degrees, to 10 places in Decimals, from the Sine of 
the ſame Arch p. 66 

The Length of the Circumference in ſuch Parts as the Diameter or 
the Circle is Unity, inveſtigated to 10 places in Decimals p. 67 

Another Inveſtigation of the ſame 2 68 

That by this Method the Proportion of the Circumference of a 
Circle to its Diameter, may be inveſtigated to 5 places in Deci- 
mals, which is ſuefficient for almoſt all Uſes, in a very few Mi- 
nutes, ſhewn by an Example FP. 68 

The Advantage of this Method above the ancient Method p. 69 

How to Extract the Root of an infinite Equation, p. 69 

The Application of this Method in the Inveſtigation of the Series, 
for finding the Right-ſine of any Arch from the Arch it ſelf. 

; -Þ 69 
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is  _CeONTENTS. 
That the Arch and Sine of 1 Minute do not differ from each other 


in Length, to 10 places in Decimals, and are both expreſſed by 
the ſame Figures P. 69. 


4. The Application of the former Series, to the actual finding the Na- 


tural Sine of 10 Degrees to 10 Places 


| The Application of the ſame Series, to the actual finding NC 


tural Sine of 20 Degrees to 10 Places 


The ſeeming Difficulty: of applying theſe Series to Practice ed | 


O 1 
Examples of compendious Methods in Multiplication, PE Mie 
eaſy raiſing of Powers, and applying the former Series to _ 


tice 


| T he Series for finding the Co->fi ine of any Arch from the Arch if ſelf, 


' ſhewn and inveſtigated P. 72 
The Application of this Series to the finding the Co- ſines of 1 min. 
and 20 deg. or the Sines of 89 deg. 59 min. and 70 deg, p. 73 
Fhe Sines of 40 Degrees and 30 Degrees found, by ſubſtracting the 
Sines of 20 Degrees and 10 Degrees from the Sines of 80 De- 
grees and 70 Degrees 7 7 
That 4 Table of Natural Sines to 7 places in Devimals, which is as 
exact as common Uſe requires, may be. done with great Eaſe by 
this Method p. 74. 
'Fhe Series for finding the Verſed Sine of any Arch from the 2 
it ſelf, inveſtigated and ſhewn 2 74 
The Series for finding the Verſed Sine of the Supplement of — | 
Arch inveſtigated - 2 74 


The Simical Propereitn demonſtrated p 7 
The Uſe and Excellency of this Method, and how it may be app! 100 


to Pradtice 77 


An Inveſtigation of the Series for finding the Natural Tangent b; any 


Arch from the Arch it ſelf 


An Inveſtigation of the Series for finding the Natural A, of 


any Arch ä Pp. 79 
"The Series for finding the Secaut of any Aich „ eee 
The Series for finding the Co: ſecant of any Arch _ _ © p. 79. 


How by the Help of theſe ſeveral Series, ſo many different Se 
may be inveſtigated, tor finding the Length of the Circumference of 
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Series for finding the Length of any Arch, and REY RAP the 
Tength of the whole Circumference in equal Parts of the Radius, 
| from.. 
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from the Tangent of the ſame Arch firſt known or given, ſhewn 


and inveſtigated. . 4G 380 
The Application of the ſame Series to the inveſtigating of the Cir 
cumſerence of the Circle, to 10 places in Decimals p. 8x 
The Proportion of the Circumference of à Circle to its Diameter, 
to 100 places in Decimals | P. 82 
The Proportion ot the Circumference of the Circle to its Diameter, 
applied (and the Rules demonſtrated.) my YT, 
1ſ, To the finding of. the Circumference of any Circle, its Diame - 
ter being given, and the contrary b. 83. 
2d, To the finding the Area of the Circle, different Ways from pro- 
per Data, and the Reaſon of the Rules ſhewn pP. 84 
za, To the finding of the Area of an Elligis, or any Segment of it 
different Ways. 8 1 p. 85 


4th, To the finding of the Surfaces of Cones and Cylinder p. 86 


5th, To find the Superticies of a Sphere different Ways p 87 
6th, To find the Surface of any Segment of a Glole p. 88 
7th, To the finding of the Solidity of a Cylinder 2. 88 


8h, To the finding of the Solidity of a Cone ſeveral Ways p. 89 ; 
9th, To the finding of the Soligity of the Sphere different Ways p. 9 
1049, To the finding of the Solidity of the Sheroid, {ſeveral Ways . 
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SECTION] II. 


Contains a Demonſtration of ſeveral Theorems commonly called Ax- - 
ioms, for the Solution of the ſeveral Cafes of Right and Oblique-- 


angled Plane Triangles From p. 93 top. 1032 
A Demonſtration of the 1 I heorem or Axiom p. 93 
A Demonſtration of the 24 Theorem or Axiom 2. 54. 
A Demonſtration of the 3d Theorem or Axiom 2. 95 
A Demonſtration of the 4% Theorem or Axiom 7 96 
A Demonſtration of the 5th Theorem or Axiom 2. 97 
A Demonſtration of the 6th Theorem or Axiom 5 98 
Several Methods deduced from the 6th Axiom, ſor finding the 

Angles from the 3 Sides given p. 100 
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' SECTION. IV. 
3 Contains the Solution of the Seven Caſes of Right-angler Plane Tri- 


angles, ſeveral Ways From p. 102 to p 119 
That the whole Science of Trigonometry is contained in one ſingle 
Problem p. 102 
Some uſeful Properties of Triangles | p. 102 
What the Tables of Sines, Tangents and Secants are, and their Ap- 
plication 7 «5 3 #6803 
The Solution of the 1ſt Cale by Natural Sines &c. P. 104 
The Solution of the ſame Caſe by the Artifical Sines, Tangents, 
and Secants | | p. 106 
The General Rule for working by Logarithms p. 107 
The Uſe of both Kinds of Solutions 5p. 107 


The Solutions of the 24, 3d, and 470 Caſes, ſeveral Ways p. 108 
SECTION V. 


Contains the Solution of the Six Caſes of Oblique-zngled Plane Tri- 
angles various ways, and in all their Ambiguities (From p. 11 

to p. 133 
Various Ways of Reſolving the 6th Caſe F p. 128 
Rules for-reiplving the ſame Caſe by the Gunter's Scale p. 133 


PART III. 
SECTION I. 


Contains an Introduction to Navigation, the Definitions of all the 
Terms made uſe of, and ſeveral Corollaries drawn from thence 
for the Solution of ſeveral uſeful and introductory Problems 
in Sailing er p. 134, to 145 

Some Errors in the Plane Chart detected 5. 145 


SECTION II. 


Contains the Application of the Doctrine of Right Angled Plane 
Triangles to the Solutions of the ſeveral Caſes in Plain Sailing, 
re- 
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relating to a Single Courſe, with their Uſes, from p. 145 top. 162 
Queſtions Preparatory. to the Underſtanding of Compound Tra- 


verſes 8 1 : P. 1 56 
A farther Explication and Illuſtration of the ſeveral preceeding Caſes 


P. 161 
SECTION III. 
Contains the Application of Plane Triangles to the Solution of a 
Traverſe or Compound Courſe | from p. 162 to Pp. 172 
What a Traverſe or Compound Courſe is. . g. 162 
The rſt Example with its Solution P 163 
Directions for making the Traverſe Table P. 163 
The ſecond Example, with-its Solution P. 165 
The Geometrical Solution | * Pp: 165 
The third Example. with its Anſwer, by making Allowance for the 
Variation | p. 169. 
The 5th Example with its Anſwer, by making Allowance for Lee- 
Way p. 170 
The 6th Example of a Traverſe, wherein the Lee-Way and Varia- 
tion are both conſidered p. 170 
Two more Examples ot Compound Traverſes, wherein the Leeway 
and, Variation are both given, with their Anſwers p. 171 


A Table of Difference of Latitude and Departure in Minutes and 
tenth Parts to every Degree and Quarter Point of the Compaſs 
for the exact working of Traverſes P. 17 

The Uſe of the preceeding Table in the Solution df Traverſes 44 | 
Queſtions in. Plain Sailing | P-194 . 


SECTION IV; 


Contains the Doctrine of Oblique Angled, Plane Triangles applied 
to Problems of Sailing | p. 197, to 210 

The ſame Queſtions expreſſed in different Terms, and dreſſed up af- 
ter different Manners to inlarge the Learners Way of thinking, 
and give him a better Infight into the Nature of Queſtions, p. 199 

A Problem of great Uſe in drawing the Draught of any Haven, Ri- 
ver or Bay, and in laying, down of. Sands, Rocks or Shoals. in 
__ Sea-Charts, ? 5 05 2 205 
Methods for diſcovering the Diſtances of Places by the firing ot 

Guns, bow far Ships are aſunder, and for.meafuring of Inaccediibie 
ces - 280 
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- SECTION V. f 
Contains Queſtions relating to Turning to Windward, with the 
Manner of their Solution p. 210 to 218 
Ho to find the Lee- way a Ship makes P. 213 

SECTION VI. 

Contains an Explication of the Nature of Currents, and the Me- 
thods of allowing for the ſame _ p. 218, to 232 
What Currents are, and how to allow for them 218 
A Traverſe Current, with its Solution | p. 221 
A Queſtion of Tarning to Windward in a Current 7225 
Several uſeful Queſtions, with their Solutions for finding the Settings 


and Drifts ot Currents 3 P. 225 
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SECTION VII. 
Contains -a Deſcription of the Plain Chart with its Uſes, from 
P. 232 0 235 
SECTION VIII. 


Contains Queſtions, with their Solutions relating to Sailing under a 
Parallel of Latitude,uſually called Parallel Sailing, from p. 235 to 242 


The Etrors of the Plain Chart ſhewn, and the Quantity of a Degree 
of Longitude in any Parallel of Latitude determined P. 236 
*Queſtions in Parallel Sailing, with their Solutions, p. 237 
A Table ſhewing how many miles anſwer to a Degree of Longitude 
at every Degree of Latitude P. 240 
he Uſe of the former Table 7 241 


SECTION Ix: 


Contains the Application of the former Section to the Solution of 
the moſt uſeful Queſtions in ſailing by the Middle Latitude, 


q. 2996:7 20 #2; Þ. 242, 253 
What the Middle Latitude is, and the Manner of the Operation, 
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The Solution of a Ttaverſe by this Method, ELL 
The near Agreement of this Way with the true Sailing P. 253 
How far this Method may be relied upon . 258 


SECTION 2 


Contains a farther Demonſtration of the Errors of the Plane Chart, 
and of the truth of the Principles upon which the Mercator's Chart 
is founded, together: with feveral Methods for computing the 
Length of a Degree of Latitude at all Diſtances from the Equa- 
tor | WP: | from p. 255 to h 260 
TheErrors6f the Plune Chart tarther ſliewn | pi 853 

To rectify ttiis Error was the great 7 of the Antients, and not 
Accompliſhed till undertaken by Mr. Wright | . 254 

The Principles upon which the true Chart is founded, demonſtra- 
ted . . 25 

Tue Methods made uſe of by Mr. Wright and Mr. Oughtred FL ets, 
puting the Merid. Parts* C . 25 

How the ſame may be found independently of the Table of Secants, 

from the Length of the Arch of Latitude firſt given by the Help 

ol anlofinite Series'ſhewn and demonſtrated P. 255 

The Meridional Parts anſwering to 5 and 10 degrees of Latitude, to 
6 places in Decimals, inveſtigated by the help of the former Series 


Jt, 55 
How the ſame Mertdienal Parts may be found by the help of — 
Logarithmic Tangens . 257 
The Application of the ſame to the finding of - the... Meridional 
Parts of 5 and 10 . ee e e 414 £301 B&P 
A large and very Correct Table of Metidional Parts to exery degres 
and Minute of Latitude to 4 places in Decimals computed Indepen- 
dently of the Table of Secants, after the former Manner p.-261 


NB. The Tables of Meridional Parts being computed after the 
Sheet beginning at Page 285 was printed off, and there being not 
ſufficient room left for them, is the reaſon why the laſt Folio of 
the Tables does not agree with the Folio of the Sheet P { 2 
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| SECTION XI 


The Application of the former Section to the actual Solution of the 
ſeverah Caſes in ſailing, relating to a fingle Courſe, uſually called 
Mercator's Sailing, ; from p. 285, to p 295 
The Solution of a Traverſe or Compound Courſe, after the former 
Manner 2% | 9 295 
How the difterence of Longitude in Mercator's Sailing may be found 
buy the common Tables of Difference of Latitude and Departure 
e ie . 299 


Examples | | p. 300 
That the common Method (made uſe of and taught in Books) of 
finding thedifterence of Longitude by the whole Departure made 
in one or more days is falſe p. 300 

* Proved by an caſy Inſtance | _. . p. 301 
Farther proved by ſolving the former Traverſe after this Way 
ol Abd 136 28 bm „301 

A Traverſe Current reſolved. aſter the Mercutorian Way 5 * 


SECTION XU. 


Contains a Solution of all the Mercatorian Problems, without the 
Aſſiſtance of Meridional Parts, by the help of the Logarithmic 
Tangents only | _ __ from p. 303, to 310 
What is meant or to be underſtood by Difference of Longitude, 
Meridian Diſtance and Departure, and wherein they effentially 
differ from each orher As, P. 311 
The Errors in Plain Sailing farther exhibited, and the Neceſſity and 
Occaſion of the true ſailing ſhewn . as 7 
That Departure has-no part or ſhare in Mercator's Sailing, nor does 
it properly belong to it, tho* the Concluſions drawn from it are 
. | P. 313 


Contains the Conſtruction and Uſe of the Mercator's Chart, from 
5 2 P. 313, to p. 325 
That upon this Chart all places may be laid down true according to 


their Latitudes — and what gives it the Preference 
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" all other Contrivances whatſoever for Nautical Uſes is, that the 
Rumb Line is repreſented by a perfect ſtreight Line p. 315 
That this Rectilinearity of the Rumb Line is the chief and prima- 
ry Property of the Mercator's Projection p. 316 


That by the help of this Property all Nautical Problems are reſolved 
to the greateſt Degree of Exactneſs, and eaſier than by the Globe 
itſelt Pp 316 
at it is impoſſible by any Contrivance to repreſent any part or 
portion of a Spherical Surface upon a plain, but that it will be 
diſtorted + | p. 316 
That if the diſtorted Parts when projected retain between themſelves 
the lame Ratio that the Dimenſions of the Parts they repreſent 
upon the Globe do, all Solutions performed by them will be 
equally true with thoſe that are performed by the Globe it ſelf, 
| A - 316 
That therefore the Mercator's Chart is the moſt apt and 8 
ſtrument, and the beſt adapted to the Mariner's Uſe that can be, 


whilſt Mankind makes uſe of the Compaſs p. 317 *© 


SECTION XIV. 


Contains the Solution-of ſuch Problems as ariſe from Sailing, by or 
upon the Arch of a Great Circle from p. 325, to p. 353 
The Difficulty or rather Impoſſibility of ſailing exactly by or upon 
the Arch of a Great Citcle, according to the Direction of the 
Compaſs ſhewn ; | | | p. 330 
That the Arch of 5 Degrees differs but . from the Correſpon- 
dent Tangent | Dig.! 330 
Whence the Rumb Line and Arch of 5. degrees differ but inſenfbly 
from each other in Length C1 | p. 330 
Exemplified in finding the Arch of neareſt Diſtance between the 
Lizard and Newfoundland a 48 9.331 
That the Length of the Arch of neareſt Diſtance between 2 places 
5 degrees aſunder, differ but one fiftieth part of a Mile from the 
true length of the Rumb Line in the firſt Example ſhewn p. 33.2 

| Examples and Solutions in all the various Problems of Great Circle 
Sailing Geese. 
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That the Length of the Arch of neareſt Diſtance between the L 
Lad and Barbadoes, differs but 37+ Mues from the Length of 
the Rumb Line, paſſing thro the two Faces Pi. 345 
That the Arch of neareſt Diſtance between Nurbadoes and St. Helena, 
differs but 55+ of a Mile from the Length of the Rumb Line, 
which ſhews tlie Excellency of Mercator 's Sailing p. 349 
A Solution of the two chief and primary Problems in Mercator's Snil- 


ing, independent of the Tables of Logarichms, Sines, Tangents, Se- 
cants, or Meridional Parts, or any Aveificial Number, by the help 


of the infinite Series | F. 350. 
That all Nautical Problems may be reſolved after this Manner. 
| | ge 7. 353. 


The Uſe of theſe Kinds of Solutions 2 353. 
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Containing the Method of finding the Latit udes of Places or Heights 
of the Pole, by the Meridional Height of the Sun or Stars, and 
their Declinations „ . - frem'p. 353 to , 373. 

A Demonſtration of the Fundamental Lau of Refraction, by the. 
Maxima & Minima · TY: p. . 

More conciſe and general Ways of Reſolving the. precodintz Pro- 


© - Gantains an Account of the ſeveral Methods propoſed and made 


Uſe of, by the moſt skilfut 4frozomers and Getgraphers, for find - 
ing the Difference of Longitude between Places (from p. 373 to 


p. 386) 
The Difficulty of finding the Difference of Longitude NG, . the 
Gourſe Steer d and Diſtance Run, ſewn, P. 397 
What is meant by finding out the Longirade P. 373 
What the Longitude is, and how it may be found. 9. 374. 


. T8, By Ecliples of the Moon, and an Inſtanoe given of the Diflerence 

ol the Longitude between London and Paris determined, by Ob- 

An Inſtance of the Difference of Longitude. between Greenuich and 
Lion, determined after the ſame Manner 5. 376. 


Another Inſtance or̃ the Difference of Longitude, being . 
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| | | P. 376 
Longtrude of Places may be determined by Solar Eclipſes p. 376 
Longitudes of Places by the Eclipſes of Jupiters Satellites, the man- 
ner how | 8 P. 377 
The Longitude between Rome and Greenwich determined by this 
Method | N ; F. 378 
That the frequency of thele Eclipſes, which happen ſometimes twice 
or thrice in.a Night, the great Eaſe with which they are made,. 
and the great Exactneſs with which they may be obſesved, render 
them one of the beſt Expedients hitherto known for accompliſhing 
the ſame . | p. 378 
Longitude of Places may be found by the Appulſes of the Moon, Cc. 
| | 3 | | P. 378: 
Example of the Difference of Longitude between London, Dantzick.. 
and Ballaſore in the Eaſt Indies, determined by this Method 


FP. 379 
That the Longitude of Places may be found. by the Immerſions and 
Emerſions ot the Planets, Cc. 3 p. 380. 


Inſtances of the Difference of Longitude between Paris, London, . 
Noremberg, and Canton in China, determined by this Method. 
q 8 | 380 
That the great Number of Fixed Stats that lye within the Ade. 
render the Appulſes and Occultations of the Stars, Cr. very fre- 
_ . mw ieee e b. 381. 
Lonpirades-of Places may be determined by PendutanWarchd 4 81. 
An Inſtance of the Uſe of theſe in a Voyage from the Coalt of Gui- 
The Objection againſt the Uſe of the Pendu'um Watch exhibited 
3 382 
The principal Thing wanting to render theſe Methods „ 
cable 83 ia > 282. 
NY cnn by.the modern Pretenders to the Difcovery 07 "he N 
itude. 2 -- 

How this may in ſome meaſure be obtained "9 F4 13. | 
That there are frequent Opportunities at Sea of putting ſome of theſe . 
Methods in practice p. 384 
Thar theſe or no other Methods, how true ſoever, can be put in 
Practice,. till we have a ne ] and more cortect Deſeription of the 
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A Method propoſed how this may be effected in a few Years by 
the Government, wich little or no Expence p. 385 

That if the Commanders of Merchant men would joyn in it, and lend 
their helping Hand, it might be very ſoon accompliſhed p. 385 


SECTION XVI. 


Contains-an Account of the Variation, and Methods of obtaining it 
: e J. 386 to 5. 399 
What is meant by the Variation i 
Various Methods how it may be obtained 5 T. 387 
A more conciſe and general Wa y of finding it 1. 397 
That the Variation has conſtantly changed ſince it was firſt obſerved, 
and that ro obtain a good Theory of ir, there wants a greater Stock 
of Obſervations, and how uſeful theſe may be P. 398 


SECTION XVII 


Contains an Account of the Methods mad: Uſe of for meaſuring 
the Ships Way, for correcting the Courſe Stecr'd, by making pro- 
per Allowances, Oc. from h. 399 to p. 437 

The Diſtance between Knot and Knot aſcertained . p. 400 

How to correct Errors that ariſe from not having the Diſtance be- 
tween Knot and Knot true p. 401 

How to corre& Errocs ariſing from the half Minute Glaſs, being ei- 
ther too long or too ſhort ., — - 

How to try whether the Half Minute Glaſs be of a juſt Length 


How to correct Errors both in the Log line and 'Half-minute Glaſs 
n ALE OT 
What is meant by geway, and from what Cauſes it ariſes p. 405 
The uſual Allowances made for it e 

How to correct the Courſe ſteer d, the Quantity of the Lee way 


being known As 1 c b 407 
How to correct the Courſe ſtrer'd, by making proper Allowance for 
the Variation p. 408 


Hou to correct a Reckoning, by making proper Allowances for an 
Error in the Courſe, for an Error in the Diſtance, and for Errors 
in both Courſe and Diſtance, Cc. with Example. þp. 499 
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A Log-Book, with che Form and Manner of working of Days Work ” 
| at Sea as an Example to the foregoing Rules p. 417 
| Rules and Directions for keeping a Journal Pp. 434 
An Example for the foregoing ſix Days Work | 7. 436 
Contains an Account of the Equation of Time, or the Inequality of 4 
the Solar Days, with the manner of computing it from p. 437 tho 
5 | P 458 
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What is meant by the Equatorial Sydereal and Solar Day. p. 438 
The quantity of the Tropical, the Solar and Sydereal Day deter- 
mineg | | 52 d food . 439 
That one Cauſe of the Equation of days ariſes from the Inclination 
of the Earth's Axis to the Plane of the Ecliptic P. 439 
That another Cauſe of the Equation of days ariſes from the Ex- 
centricity of the Great Orb A N aiigaeit 
That the Inequality of the days or the Equation of time ariſes from 
theſe two Cauſes, and is a Compound of them both P. 444 
How the quantity of it may be found | 16 9. 444 
Tables for the more ready finding the abſolute Equation of time 
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The Uſe of theſe Tables wan aol Jo £ 120 * 
Tables ſhewing the Equation of time for every day of the 4 Years - 


1724, Cc. £3 P. 448 
The Uſe of theſe Tables in finding the Apparent or Solar time by 
a well regulated Clock : 0 p. 452 
A Table ſhewing how much the formet Tables will vary in oo Hears 
for every day in the Lear N q 9 454 
The Uſe of the former Table. j 2. 455 
A Table ſhewing the Equation of time, anſwering to every Sign 
and Degree of the Ecliptic for the Year 1726, e 
Why Aſtronomers have pitch'd upon a mean Solar day to adjuſt the 
mean Motion of the Planets by, and of what Uſe the Tables r 


Equation of time are in Aſtronomical Computations . 457 1 
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Contains the Theory of the Sun, and the Conſtruction and Uſe of the 


Solar Tables | from p. 458 to p. 492 
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That the Knowledge of the Length of the Solar-Vear is the firſt 
thing neceſlary to be known, and how this may be obtained from 
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Obſervations p. 459 
The Length of the Solar Tear determined from the FlamſteedianOb- 
ſervations 3 p. 462 


That there is a Præceſſion of the Equinoxes, and the quantity ot it 

determine dby Obſervations a P. 462 
The quantity of the Periodical or Sydereal Tear determined p. 462 
How the mean Motion of the Sun for one day, and conſequenily 


ſor any Number of days is found e 
How the mean Motion for Hours and Minutes may be determined 
| 4 7 . 463 
How the mean Motion from common Julian Years is determined 
| SEK. 1 p. 463 
How the common Solar. Tables are made to ſerve. in Leap- Neats 
2 PET be P. 463 


How the Radix's of mean Motion of the Sun are obtained p; 465 
That the Solar Tables are adjuſted to mean or equal time p- 466 
That Aſtronomers by comparing the places of the Sun deduced from 
Obſervations have found that his apparent Motion is unequal 

| | 469 
That he is not placed in the Center of the great Orb - — 
The Proportion of his greateſt and leaſt Diſtance from the Earth de- 
termined, and thence his Excentricity, or how far he is removed 


from the Center of the Orb _ P᷑. 467 
The ancient Method made Uſe of, for allowing for the Tnequality 
of the Sun's Motion ariſing from this Cauſe = © 468 


How-theſe Inequalities may bc accounted for, from-the-/Diſcovery 
ol Kepler, that the Earth mov'd in an Eliptic Orb; avd.in-moving 
deſcribes Areas proportionable to the Time, by a Ray drawn 


from the Center of the Earth to the dun p. 469 
The Keplerian Way of computing the Proſthapharefis JP. 475 
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The Neuronian Way of finding the ſame direaly. P. 481 
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Exam „ P. 487 

The 3 of computing the Diſtance of the Sup from the Earth, 
ſhewn and demonſtrated p. 439% 


New Solar Tables deduced from the Hutu, Obſervations, and 
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SECTION. XXI. + oP 
Contains general Laws for the deſcribing of any great or ſmall Cir- 
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Definicions., 


HE Subject of Geometry, is Maguitude or Quan“ 
I tity continued; its Buſineſs to diſcover the Nature 
and Properties of thoſe Quantities about which it 
is employed, in order to find out the Proportion 

I that they have to each other, that ſo from the 


. 4. And if ir lie equally betwixt it Lines, 'tis called a Plain S- 
erficies. 2 ö | 
f 5. A Line then hath only Length, and is bounded by Points; ſo 
that, | 
6. A Point Mathematical, is incapable of being divided, and 
therefore hath no Parts. . < 
7. A Right or Straight Line, 1s that which , 

lies equally betwixt, or is the neareſt Tract WV B 
between its Points; as AB. ; 


other ; the one touching the other in the ſame Plain, yet not lying 
in the ſame ſtrait Line. : | | 


— 


a] | | 
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8. A Plain Angle, is the Inclination of two Lines, the one to the 


; B © ' 


« 
1 
— * 
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+ Euclide's Elements. 
9. And if the Lines which contain the Angle be Right-lines, it 
is called a Right-lined Angle. . 1 
10. When a Right Line CG ſtanding upon a 
C Right Line AB, makes the Angles on either ſide 
| thereof CGA, CGB; equal one to the Other, 
then both thoſe Angles are Right Angles ; . and 
the Right Line CG, which ſtandeth on the o- 
 A— 8 —Þ ther, is termed a Perpendicular to that (AB) 
whereon it ſtandeth. / 


Note ; When ſeveral Angles meet at the ſame Point as at (G) each 
particular Angle is deſcribed by tþree Letters, whereof the middle Letter 
Heweth the Angular Point, and the other two Letters the Lines that make 
that Angle; as the Angle which the Right Lines CG, AG, make at G, 
i called CG A, or AGC,. | V's 


— 


3 11. An Obtuſe Angle, is that which is great- 
A. E er than a Right Angle; as ACD. " 
Yeh. 12. An Acute Angle, is that which is leſs 
| Ny than a Right Angle; as Ac. 
1 D 13. A Limit, or Term, is the End of any 


% 


2 >. an; 


14. A Figure, is that which is contained under one or more Terms. 
15. A Circle, isa plain Figure, contained under one Line, which 
zs called a Circumference; unto which all Lines drawn from one Point 
within the Figure, and falling upon the Circumference thereot, are 


equal the one to the other. beg 
16. And that Point is called the Center of the 


3 Circle. | Wa 
ki | 17. A Diameter of a Circle, is a Right Line 
n dran through the Center thereof, and ending at 

\ Wok the Circumference on either fide, dividing the 

5 | 


Circle into two equal Parts, | 
18. A Semi-circle, is a Figure which is contain» 
ed under the Diameter, and under that part of the 


Circumference which is cut off by the Diameter. 


In the Circle EABCD, E is the Cemer, AC the Diameter, ABC 


| the Semi-circle. 


EFiuclidès Elements, 


N. B. The equal Divifions of the G of every Circle, | 


bo Parts, are called Degrees ; the equal Divifion of each of theſe 
again aps/1012 
of each of theſe into 60 Pa, . 255%, are called Seconds, Jo that 
the Arch of the Semi-circle conrisins 180 Degrees, and the Quadrant is 


equal to 90 Degrees. te, ; 
19. Right Lined Figuges are ſuch as are contained under Right Lines. 


20. Three Sided or Trilateral Figures, are ſuch as are contained un- 


der three Right Lines. 
21. Four Stded or Quadrilateral Figures, are ſuch as are contained 


under four Right Lines. 


into | 
: into Go Parts more, are called Minutes; and the 5 
JC. 


22. Many Sided Figures, or Poligons,” are ſuch as are contained un- 


der more Right Lines than four. 


23. Of Trilateral Figures, that is, an Equilatera! 
Triangle, which hath three equal Sides ; as the Tri- 
angle A. | | 3 


24. Ihſeeles, is 2 Triangle which hath only two 


Sides equal; as the Triangle B, B 
4 2- | 
25. Scalenum, is 2 Triangle whoſe three Sides 
are all unequal; ae ' -/ ; c 
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26. Of theſe Trilateral Fi res, 1 
Triangle is that which has one Right Angle; as the 
Triangle H. £3 


27. An Amblygenium, or Obtuſe-angled Tri- 
ang, is that Which has one Angle Obtuſe; 
as B. | * 


A 2 


1 N . 
* 


Euclides Elements. 


28. An Oxygonium, or Acute angled Triangle is 
that which has ther Acre Angles; as C. 


An Equiangular, or Equal-Angled Figure, is that whereof all the 
Angles are equal: Two Figures are Equiangular, if the ſeveral An- 
gles of the one Figure be equal to the ſeveral Angles of the other. 
The ſame is to be underſtood of Equilateral Figures. 


* — 29 Of Quadrilateral, or Four-Sided Figures, a Square 
A | is that whole Sides are equal and Angles right; as A. 


30. A Figure on one part longer, or a Long 
B Square, or Oblong, is that which hath Right Angles, 


but not equal Sides, as B. 
— 


— 


| 


31. A Rhombas, or Diamond Figure, is that 
which has four equal Sides, but is not Right 
Angled ; as C. "IF 


= . 32. A Rbomboides, or Diamond liłe Figure, is 


that whoſe oppoſite Sides and oppoſite Anęles 
are equal; but has neither Equal nor Right An- 
geles; as D. . 


3 3 All other Quadrilateral Figures beſides theſe 
are called Trapezia, or Tables, as E- 


34: Parallel, or Equi-diſtant Right Lines, 
+ are ſuch, which being in the ſame Superficies, 
A— if infinitely produced, would never meet; as A 
P— — aud B. . 


35. A 


35. A Paralelogram, is a Quadrilateral Figure, whoſe oppoſite 
Sides are parallel or equi-diſtant; as the Figures A. B. C. D. 

A Problem, is when ſomething is propoſed to be done or effected. 

A Theorem, is when ſomething is propoſed to be demonſtrated. 

A Corolary, is a Conſectary, or ſome conſequent Truth gain d 
from a preceeding Demonſtrat on. | 

A Lemma, is the Demonſtration of ſome Premiſe, whereby the- 


Proof of the thing in hand becomes the ſhorter. 
Poſtulates, or Petitions. 


r. From any Point to any Point, to draw a Right Line. 
2. To produce a Right Line finite, ſtrait forth continually. _ 
3. Upon any Center, and at any Diſtance, to deſcribe a Circle. 


AX IO Mus. 


1. Things equal to the ſame thing, are alſo equal one to the other. 

As A=B=C. Therefore A C. Or therefore all, A, B, C, are 
equal the one to the other. 

Note, When ſeveral Quantities are joined the one to the other, con- 
tinually withthis Mark=, the firſt Quantity is by vertue of this Axiom, 
equal to the laſt, and every one to every one: Tu which Caſe we often 
abſtain from citing the Axiom, for brevity ſake ; al:hough the force of the 
Conſequence depends thereon. | 

2. If to equal: things you add the ſame, or equal things; the wholes 
ſhall be equal- And fince Multiplication is nothing but an Addition of 
the Thing, à certain number of Times to its ſelf, it is equally true and 
equally inteligible ; that, if equal things are multiplied by the ſame, or 
equal things, the Products or Reſults will be equal. 

3. If from equal things you take away the fame, or equal things, 
the things remaining will be equal. And ſiuce Diviſion is nothing elſe 
but the taking away the Diviſor, a certain number of times from the Di- 
vidend, it is equally true,” and equally inteligible, that if equal things are 
divided by the ſame or equal things, the Quotients or Reſults will be equal. 
4 If to unequal things you add equal things, the Wholes will be. 


unequal. 
5. If from unequal things, you take away egual things, the Re- 
mainders will be #nequad. 1 9 l 
6. Things 


. 


es 4 


r Fuclide's Elements. 


6. Things which are double to the ſame thing, or to equal things, 
are equal one to the other. Underſtand the ſame of Triple, Oua- 
.druple, &C. | | . 

Things which are half of one and the ſame thing, or of things 
equal, are equal the one to the other. Conceive the ſame of Subtriple, 
Subquadruple, &C. | | 

8. Things which agree together, are equal one to the other. 

The Converſe of this Axiom is true in Right Lines and Angles, but not 


in Figures wnleſs they be alike. : 


Moreover, Maguitudes are ſaid to agree, when the parts of the one being 
e£ppled to the parts of the other, they fill up an equal, or the ſame place. 
9. Every whole is greater than its part. | 
= 210. Two Right Lines cannot have one and the ſame Segment, (or 
part) common to them both. | 
11. Two Lines meeting in the ſame Point, if they be both pro- 
duced, they ſhall neceflarily cut one the other in that Point. 
1 2. All Right-Angles are equal the one to the other. 


23. If a Line BA, falling on two Right 
Lines AD, CB, make the internal Angles on 
the ſame Side BAD, ABC, leſs than two Right 
Angles ; thoſe two Right Lines produced ſhall 

1 I meet on that Side, here the Angles are leſs 
| than two Right Angles. 


14. Two Right Lines do not contain a ſpace: | 

15. If to equal things, you add things unequal, the Exceſs of the 
Wholes ſhall be equnl to the Exceſs of the Additions. ER 

16. If to unequal things equal be added, the Exceſs of the Wholes 
ſhall be «qual to the Exceſs of thoſe which were at firſt, 

17. It from equal things, unequal things be taken away, the Exceſs 
of the Remainders ſhall be equal to the Exceſs of the holes. 

18. If from things unequal, things equal be taken away, the Ex- 
ceſs of the Remainders ſhall be equal to the Exceſs of the Moles. 

19. Every Whole is equal to all its parts taken together. = 

20. If one Whole be double to another, and that which is taken a- 
way from the Firſt, to that which is taken away from the Second, 
the 3 of the Fiſt ſhall be double to the Remainder of the 
Cecond. N | | 


Prop. 


Eiclid's Elements, #5 
Propoſition 1. 4 Problem, 
of Euclid, the 1ſt of the iſt. 


Upon a finite Right Line AB, to deſcribe an Equilateral Triangle 
ACB. | : a 
Conſer. From the Centers. A and B, at the di- c 
ſtance of AB, or BA, deſcribe to Circles cutting 
each other in the Point C; from whence draw . 
| two Right Lines, CA, and CB, and the thing is 
done. | 


Demonſtration. For AC=AB (by the 15th def. (and AB=BC) by: 
the ſame.) Wherefore AC=CB (by the 1, Ax.) and the Triangle ABC 
Equilateral (by the 23d defin.) W. W. D. 

|  Schohium, | | 

If AC, and CB, the Radius's of the equal Circles be taken great- 
er or leſs than AB, the Triangle will be Iſoſceles; by the 24th def. 

Again; If AC, and CB, the Radius's of the two Circles, deſcribed: - 
about the Points 4, and B, of the Right Line AB, be taken equal to: 
two given unequal Right Lines, then the Triangle will be, Scalene . 
by the 25th def. (wich is the 22d of the 17”) © 1 


Propoſition II. A Theorem, "4 
of Euclid, the 4th of the 1ſt. . 
If two Triangles BAC, EDE have two Sides of the one BA, A 
equal to two Sides of the other, ED, DF, each to its correſpondent 


Side (that is BA / ED, and ACD) and have 
the Angle 4 <qual to the Angle D contained 


under the equal Right Lines, they ſhall have 

the Baſe BC, equal to the Baſe EF; and the 

Triangle BAC equalto the Triangle EDF; and B 2 
the remaining Angles B, C, ſhall be equal to = © 


the remaining Angles E, F, each to each; . 
under which the equal Sides are ſubtended. 5 * 
| E 
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Die monſtration. If the Point DO be applied to the Point 4, and 
the Right Line DE placed upon the Right Line AB, the Point E 
ſhall fall upon B; becauſe DEEAB (by Mp.) allo the Right Line 
DF ſhall fall upon AC, becauſe the Angle A= D (by Hyp.) More- 
over the Point F ſhall fall upon the Point C, becauſe AC=DF (by 
Ap.) therefore the Right Lines EF, BC, ſhall agree (by the 14th Ax) 
becauſe they have the ſame Terms, and conſequently are equal; 

E wherefore the Triangle BAC, DEF, do agree, and are equal, (I) the 

g Sth Axiom.) W. W. D. Whence, | | 

Cor, ARC. | | 

1, If two Triangles ABC, DEF, have two Sides AB, AC, equal 
to two Sides, DE, DF, each to each, and the Baſe BC equal to the 
Baſc EF, then the Angles contained under the equal Right Lines 

' ſhall be equal, (which is the 8th of the 1ſt.) 

2. Triangles mutually Equilateral, are alſo mutually Equian- 
gular. | | 
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3. Triangles mutually Equilateral, are equal one to the other. 
4. Hence follows the Reaſon of the 5th of the 1ſt, viz. that the 
15 | Angles B and C at the Baſe, if an Ifoſceles | 
Triangle are equal one to the other. 
For ler D be the middle Point of the Line BC, 
and draw the Line AD (by the iſt Poſt.) Then 
axe the Triangles ABD, and AC D, mutually 
Ezquilatcral, and - conſequently mutually Equi- 
angular; whence the Angle B will be equal to 
| the Angle C. | 
4 5. Hence every Equilateral Triangle, is alſo Equiangular. 

6. Alſo, from the Propoſition it follows, that it two Triangles AC, 
and DEF, have two Sides of the one Triangle AB, Ac, equal to 
two Sides of the other Triangle DE, DF, each to each; and have 

the Angle A greater than the Angle D, contained under the equal 
Right Lines, they ſhall alſo have the Baſe BC, greater than the Baſe 
EF, (which is the 24th of the 1ſt) and conſequently, | 

7. If two Triangles ABC, DEF, have two Sides AB, AC, equal 
to two Sides DE, DF, each to each, and have the Baſe BC greater 
than the Baſe EF; they ſhall alſo have the Angle 4 contained un- 
der the equal Right Line, greater than the Angle D; (which is the 


8 25th of the it) 
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8. Again I ; 
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bt, Again, From the Propoſition it follows, that if two Triangles 


BAC, and EDF, have two Angles of the one B and C, equal to 
two Angles of the other E and E, each to its correſpondent Angle, 
and have alſo one Side of the one equal to one Side ot the other ; 
either that Side which lieth berwixt the equal Angles, or that which 
is ſubtended under one of the equai Angles. The other Sides alſo of 


the one ſhall be equal to the other Sides of the other, each to his cor- 


reſpondent Side; and the other Angle of the one ſhall be equal to 
the other Angle of the other. (hich is the 26th of the 1ſt. 

But it does not follow from hence, that if 2 Sides of one Triangle 
be equal to two Sides of another Triangle, and the Angle oppoſite 
to one of the given Sides in one, be equal to the Angle oppoſite to 
one of the given Sides of the other, that the remaining parts of the 


one Triangle, be equal to the remaining parts of the other Tri- 


angle; becauſe the Angle oppoſite to the other given Side may be 


either Acute or Obtuſe, and conſequently the remaining Side of 
the one, may be greater or leſs than the remaining Side ot the other. 


9. And becauſe the Sides BD, DA, and the contained Angle DO, 
of the Triangle BDA (See the Figure belonging to the 4th Cor.) are 
equal to the Sides DC, DA, and the contained Angle D, of the 
Triangle CDA; therefore the remaining Side BA of the one, ſhall 
be equal to the remaining Side CA of the other. IPhich is the 6th 
Prop. of the 1ſt. viz.. That if two Angles ABC, ACB, ofa Triangle 
ABC, be equal the one to the other, then the Sides AC, 4B, ſub- 


' tended under the equal Angles, ſhall be equal one to the other. 
And. be 5 


10. Hence every Equiangular Triangle is alſo Equilateral. 
11. From the 1ſt Cor. we are taught how to biſect or divide 


into two equal parts a given Right Lined Angle BAC. ( Which is the 


th of the 1ſt.) « 
f Conſtr. On A as a Center, with any 


diſtance deſcribe a Circle, cuting 4B 
and AC, in D and E, (by the 3d Poft.) 
and joyn the points D and E, (by the 1/t 
Poſt.) upon which make an Equilateral 
or Iſoſceles Triangle DFE, (by the iſt 
Prop.) and draw the Line AF, which 

will biſect the given Angle DAE. 


E 
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For the Triangles ADF, and AEF, are mutually Equilateral, by 
Conſtruction, and conſequently the Angle BAF=CAF. W. W. L. 
12. From the ſame Cor. we are alſo taught how to biſect a given 
Right Line. ( T hich is the 10th of the 1ſt.) : | 
|  Conſtr. Upon AB make an Equilateral or Iſoſ 
Sceles Triangle ACB, and biſect the Angle C 
(by the former Cor.) with the Line CD, and 
the thing is done. For ACS CB (by. Conſtr.) 
and the Side CD common, and the Angle 
A IB : ACD=BCD (by Conſtr.) therefore AD=DB 
. (y the 2d Prop.) W. W. D. 
13. We are again taught from the ſame Cor. how from a 
Point E, in a Right Line given AB, to erect a Perpendicular or 
Right Line CF, at Right Angles. (Which'is the 11th of the 1ſt.) 


Conſtr. Take CD equal to CE, 
upon DE make an Equilateral or 
Iſoſceles Triangle, (by the 1/2.) and 

draw the Line FC (by the 1/t Poſt.) 
1 * and it will be the Perpendicular 
ob OY required; 

Dem. For the Triangles DCF, and ECE, are mutually Equilateral 
(by Conftr.) therefore, < DCF=<ECF (by the 1ſt Cor.) therefore, 
CF'is a Perpendicular (by the 10th Def.) W. W. D. | 

14. We are alſo taught again, from the ſame Cor. how, upon an 
infinite Right Line given AB, from a Point given C, that is not in 
it, to let fall a Perpendicular, ( Which is the 11th of the 1/8.) | 


Conſtr. From the Center C, deſcribe 
a Circle, cutting the Right Line gi- 
ven AB, in the points E and F, (by 
the 3d Poſt.) then biſect EF in E, (by 
the 12th Cor.) and draw the Line CG 

; ( by the 1ſt Poſt.) which will be the 
— 1 B Perpendicular required. 


— 


Dem. 
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Dem. Let the Lines CE and CF, be drawn (i the 1/2 Poſt.) then 
are the Triangles EGC, and Fc, mutually Equilateral (by Con#7r.) 
therefore, the Angles EGC and FGC are Equal, and conſequently 
Right 95 = * Def.) wherefore GC is a Ferpendicular (by the ſame 
Dep. : W. DL. | | | | 
75 From the ſame Cor. we are likewiſe taught, how at a Point 
A in a Right Line given AB, to make a Right Lined Angle A, e- 
qual to a Right Lined. Angle given, D (A hich is the 23d of the 1/t.) 
Conſtr. Draw the Right Line es 
CF, cutting the Sides of the 
Angle given any ways, take 4 


AG = CD, upon AG make a | 1 

Triangle Equilateral to the for- bi | 

mer CDF (by the Scholium of \ | \ | 
the 187.) So that A be equal . F G 


to DF, and GH equal to C; 3 — H 
then will the Angle A be equal . EB £5 
to D. (by the 1ſt Cor. of the ad.) 


W.W.D | 
Propoſition III. A Theorem, 
of Euclide, the 13th of the 1/t. 
When a Right Line AB, ſtanding upon a E 4 
Right Line CD, maketh Angles ABC, ABD, | * 
it maketh either two Right Angles, or two | 
Angles equal to two Right. EO hoe 


Dem. If the Angles ABC, ABD, be equal, then they make two 
Right Angles (by the roth Def.) If unequal, then from the Point B 
let there be erected a Perpendicular BE, (by the 13th Cor.) | 
Becauſe the Angle ABC to a Right <.++< ABE (by the 19th Ax.) 
and the ABD Stoa Right - ABE (by the 3d Ax.) therefore, 
< ABC+<. ABD=to two Right , +ABE—< ABE (by the 
2d Ax.) theretore ARC ABD S two right . W. W. DP). 


| Corollaries. : 
1. Hence if one Avgle ABD, be Right. the other Angle ABC is 
alſo Right; if one Angle be Acute the other is Obtuſe, and ſo on 
the contrary. B 2 2. It 
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2. If more Right Lines than one ſtand upon the ſame R ight Line 
at the ſame Point, the Angles ſhall be equal to two Right. | 
z. Two Right Lines cutting each other, make Angles equal to 


four Right. 5 | N : 
4. Al the Angles made about one Point, make four Right, as 


appears by the 2d Cor. $1, I a 
8 5. Hence we ſee the Reaſon of the 1515 


Prop. that if two Right Lines interſect each 

other, the two Angles CEB and AED, 

Ty which are oppoſite, will be equal to each 
D 


other- 


For the < AEC+CEB = two Right S by the 34. and the C. 
AEC AED Stwo Right <e by the ſame, Therefore, AEC 
CEB=<* AEC+ AED, by tbe Iſt. Ax. Wherefore, AEC and DEB 
are equal (by the 3d Ax.) W. W. D. | 

6. Wherefore, If the oppoſite Angles CE and AED, allo AEC 
and DEB be equal, then ſhall AB, and CD be ſtrait Lines. 

7. Hence follows the Reaſon of the 16th Prop. that if one Side 

— * F Bc, of a Triangle ABC, be produced, the 

E. outward Angle ACD, will be greater than 
either of the in ward and oppoſite Angles CAP, 
B | | or CBA. 
71 r Let the Right Line BE, biſe& the Side 
ee ee 


AC, and be produced till EF be equal to BE, 
and joyn the Points F and C. (by the 187 Poſt.) 


Becauſe EC=EA (by Conſtr.) and BE=EF, by the ſame, and the 
<CEF=<AEB (by the 5th Cor.) Therefore, QECF=EAB (by the 
24 Prop.) but ACD is greater than ECE, (by the gih Ax.) Therefore, 
greater than BAC. By the like way of reaſoning the QACD may be 
proved greater than FCDEHCI= ABC. 6c 5 

8. Hence and from the (2d. Prop.) it follows, that any two Angles 
of any Triangle, which way ſoever they are taken, are leſs than two 
Right Angles, which (is the 17th of the 1ſt.) | 

9. Hence it follows, that in every Triangle, wherein one Angle 
is either Right or Obtuſe, the other two are Acute Angles. 

10. If a Right Line make unequal Angles with another Right Line, 
one Acute the other Obtuſe, a Perpendicular let fall from any Point 
to the Baſe Line, ſhall fall on that Side the Acute Angle is of. 

2 SLE 2 All 
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11. All the Angles of an Equilateral Triangle, and the two An- 
gles ot an Iſoſceles Triangle that are upon the Baſe, are Acute. 


Propoſition IV. A Theorem, 
of Euclid, the 18th of the iſt. 


The greateſt Side AC, of every Triangle ABC, ſubtends the greateſt 
Angle ABC. t N 

Let AD be equal to AB, and joyn BD (ly 4 
the 1/t Pot.) The ADB ABD (by the 
4th: Cor. of the 2d.) but ADB—©<ACB (by the | . 
7th Cor. of the 3d.) Therefore, ABD AB, D 
and conſequently the whole QABCT<LCB 10 
(by the gib Ax.) W. W. D. 5 NE 


1. Hence in every Triangle ABC, under the greateſt Angle B, 
is ſubtended the greateſt Side CA, (which is the 19th of the 1ſt.) 


2. Hence likewiſe, of every Triangle BDC, two Sides BD, DC; 
any way taken, are greater than the Side BC that remains, (which is 
the 26th of the 1ſt.) | 

For, produce CD till DA=DB, and draw BA, then will DAB 
ABD (by the 4th Cor. of the 24d.) but ABC ABD(by the 9th Ax.) 
Therefore, ABC BAC; therefore, BD+ DG (=AC) © BC. 


W. W. D. 


Propoſition V. A Theorem, 
of Euclid, the 29th of the iſt. 


If a Right Line, EF, fall upon two parallel Lines 4B, CD, it- 
will both make the alternate Angles DH, AGH, equal to each o- 
ther, and the outward Angle BGE, equal to the inward and oppo- 
ſite Angle, on the fame Side DHE, as alſo the inward Angles on the 
ſame Side AGH, CHG, equal to two Right Angles, © 


It 
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/ E It is evident that AGH+CHG=twoRight 
1 


Fg 


_ Angles; otherwiſe 4B, CD, would not be 
parallel (by the 13th Ax.) which is contrary 
to the Hypotheſis, But moreover, the 


8 DH Che two Right Angles (by the 
| H DP 137% f the 1ſt.) Therefore, is <DHG=< 
0 


AGH (by the Iſt and 2d Ax.) =<BGE (by 
the 5th Cor. of the 3d.) W. W. D. 


1ſt. Hence if a Right Line EF, falling upon two Right Lines 
AB, CD, make the alternate Angles DHG, AGH, equal the one 


do the other, then are the Right Lines parallel, (which is the 27th of 


the 1h.) | | 
2: It a Right Line EF, falling upoa two Right Lines 4B, CD, 

makes the outward Angle AGE of the one Line equal to CHG, the 
inward-and oppoſite Angle of the other, on the ſame Side, or make 
che inward Angles on the ſame Side AGH, CHG, equal to two 
Right Angles, then are the Right Lines AB, CD, parallel (which 
ie the 28th of the 1ſt.) Tet 

3. Hence it follows, that every Parallelegram having one Angle 
Right, the reſt are alſo. Right. | 

4. Hence Right Lines parallel to one and the ſame Right Line, are 


allo parallel the one to the other, (which is the 3oth of the 1ſt) 


5. Hence we are taught, how from a Point given 4, to draw a 
Right Line parallel to a Right Line given BC, (which-1s the 31] of 


the 1/8.) abs 3 
— — Conſtr. From the Point 4, draw a Right Line 
. AD, to any Point of the given Right Line 
4 BC, (by the 1ſt Poſt.) with which at the Point 
1 — thereof 4, make an Angle DAE=R ADC 


(by the 15th Cor. of the 24.) then will AE and BC be parallel (by the 
1/2 Cor. of the 51h), W. W. D. 1 TEE 

* mb B 6. Hence and from the 24 Prop. it fol- 

| los, that if two equal and parallel Lines 

+» AB, CD, be joyned together, with two 

bother right. Lines, AC, BD, then are thoſe 

C | D Right Lines alſo equal and parallel (which 

+ the 33d of the 1ſt.) 
7. Alſo 
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* . Alſo, Hence and from the 8th Cor. of the 2d. it follows, 
b in 3 as ABCD, the oppoſite Sides AB, CD, and 40. 
ry BD, are equal to each other; and the oppoſite Angles A, D, and 
0 AB D, ACD, are allo equal ; and the Diameter BC biſects the 
* ſame (which is the 34th of the 1ſt.) n | 
25 8. Hence we are taught another way how from a Point given C, 
» todraw a Right Line CD, parallel to a Right Line given AB. 
Conſtr. Take in the Line AB any Point E, —— 
7 from the Centers E and C, at any diſtance 
. draw two equal Circles EF, CD, from the A +B 
4 Center F, by the ſpace of EC, draw a Circle 2 F 


FD, which ſhall cut the former Circle CD, in the Point D, then 
ſhall the Line drawn CD, be parallel to AB, For CEFD is a Pa-- 
rallelogram ; therefore, Oc. — 


Propoſition. VI. A Theorem, 
of Euclide, the 3 ad of the 1ſt. 


Of any Triangle ABC, one Side BC 1 E 


being produced, the outward Angle ö 

ACD ſhall be equal to the two in ward # 

and oppoſite Angles A, B, and the | L 
B 4 


three inward Angles of the Triangle | 
A, B, ACB, ſhall be equal to 2 Right C D 
Angles. 

Conſtr. From C draw CE, parallel to AB, (by the 5th Cor. of the 
5th.) Then is the A= ACE (bythe 5th) and the < B=ECD (4 the 
ſame.) Therefore, AB ACE+ECD ( the 24 Ax.) = 
ACD (4y the 13th Ax.) W. W. D. 

Again, ACD ACB =two Right Angles (by the3d.) Therefore, 
< — <B-+<ACB=two Right Angles (by the rt Ax.) W. W. D. 
orol, 
1. The three Angles of any Triangle taken together, are equal 
to the three Angles of any other Triangle taken together; whence 
it follows, | ; $M 
2. That 


1 


— 
” 
- 
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2. That if in one Triangle, two Angles (taken ſeverally or together) 
be equal to two Angles of another Triangle, (taken ſeverally or toge- 
ther) then is the remaining Angle of the one, equal to the remaining 
Angle of the other. In like manner, if two Triangles have one An- 
gle of the one, equal to one Angle of the other, then is the Sum of 
the remaining Angles of the one Triangle, equal to the Sum of the 
remaining Angles of the other Triangle. — 

3. If one Angle in a Triangle be Right, the other two are equal 


to a Right Angle; likewiſe, that Angle in a Triangle which is e- 


qual to the other two, is it ſelf a Right Angle. 

4. When in an Hoſceles Triangle, the Angle made by the equal 
Sides is Right; the other two upon the Baſe, are each of them half 
a Right Angle. ] 

5. An Angle of an Equilateral Triangle, makes two thirds of a 
Right Angle, for one third of two Right Angles, is equal to two 
thirds of one. ; | —_— 

6. The Angles of a Right Lined Figure, do together, make twice 
as many Right Angles bating four, as there are Sides of the Figure; 


as will be manifeſt, if from any Point within, Lines be drawn to 


every Angle. 

7. All the outward Angles of any Right Lined Figure taken toge- 
ther, make up four Right Angles. DO. 

8. All Right Lined Figures, of whatſoever Species, have the Su 
of their outward Angles equal. | 

The 6th Cor. is of great Uſe in the Conſtruction of regular Polygons, 
and in taking the Plot of any irregular Polygon, for by it the good- 
neſs of the Inſtrument, and care of the Artiſt is diſcovered. 


Propoſition. VII. 4 Theorem, 
of Euclid, the 35th of the 1ſt. 


mo OBEY: 
| Parallelograms BCDA , BCFE, | 
1 | which ſtand upon the ſame Baſe BC, 
G and between the ſame Parallels AF, 
ANT C, are equal one to the other. 


£. . 
| | For 
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For AD BC EF (by the 7th Cor. of the 5th.) ad DE common 
to both, then is AE=DF (by the 2d Ax.) alſo, AB De (by the 
7th Cor. of the 5th.) and the A= D (by the 5th.) therefore is 
the Triangle BAE=CDF: take away from each the Triangle 
GDE common to both Triangles, and there will remain the Trape- 
zium BADG=CGEF (by the 3d Ax.) Add to each Trapexium the 
Triangle BGC common to both, then is the Parallelogram B ADC= 
BEFC (by the 2d Ax.) W. W. D. | 

1. Hence, and from the 1ſt Ax, ir follows, that Parallelograms 
ABDC and EF1H, ſtanding upon equal Baſes BC and IA, and be- 
twixt the ſame Parallels AE, BA, are equal to each other (which is 
the 36th of the 1ſt.) | | | 

2. Hence we are taught how to find the Area of any Paralelogram, 
for fince the Area of a Right-Angled Paralelogram is found by the 
drawing or multiplication of any two contiguous Sides, one into a- 
nother ; the Area ot any other Parallelaggram will be found by the 
multiplication of the Baſe into the Perpendicular Height. 

3. Hence, and from the 77 | 
Ax. it follows, that Triangles Ke _A 3 


BCA, BCD, ſtanding upon the . | 7 
ſame Baſe BC, and between the 1 = 
— * P 5 


ſame Parallels BC, EF, are e- a 
qual one to the other (which 75 5 E 


the 37th of the ft) For they 
are the Halves of the equal Parallelograms BEAC, and BDFC. 


4. Hence, and from the 1ſt Ax. it follows, that Triangles EB 4; 
DCF, ſtanding upon equal Baſes EA, DF, and between the ſame: 
2 EF, BC, are equal one to the other (which is the 38th of 
the 1ſt. by} | 

5. From the 3d Cor. and 6th Ax. it follows, that if a Parallelogram 
EBCA (See the Figure to the 3d Cor.) have the ſame Baſe BC, with 
the Triangle BDC, and be between the ſame Parallels BC, EF, then 
is the Parallelggram EBC A, double to the Triangle BDC. (Wpicb 
is the 41ſt ofthe Iſt.) ; 

For the Triangle BDCSBCA = half the Paralelogram EBC A. 
therefore, &c. -/ 

6. Hence we are taught how to find the Area of any Triangle, for 
ſince every Triangle is half the ee, having the ſame Baſc 

| and 
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and Altitude, the Area thereof will be found by the multipli- 
cation of the Baſe into half the Perpendicular Height, or of ba 


if 
the Baſe into the whole Height; or of | half the Product of the Baſe 


into the Height, | | | 

7. Hence we are taught how to find the Area of any Right-lined 
Figure; for it be reduced into Triangles, by drawing Diago- 
nals from Angle to Angle, the Sum of the Area's of all the Tri- 
angles, ſhall be the Area of the Figure (by the 19th Ax.) 


r 8. Hence we are taught how to 
| a Ny make a Parallelogram ECGF, equal 

P to a Triangle given ABC, having an 

IH D/ Angle equal to a Right-lined Angle 

8. & 6 given D (which is the 42d of the 1 fl.) 


Thro' A, draw AG parallel to BC (by the -5th Cor. of the 5th.) 
make the < BCG=D (by the 15th Cor. of the 2d) biſect the Baſe BC 
in E (by the 12th Cor. of the ad.) and draw EF parallel to CG, and 
the thing is done. For AE being drawn, the QXECG=D (by Corftr.) 


and the Triangle BAC=(by the 2d Ax.) twice AEC= Parallelagran i 


ECGF. W. W. D. | 

9. Hence we are taught how to make a Triangle BAC, equal to 
a given Parallelogram ECGF, having an Angle ACB = to a Right- 
lined Angle given P. 

Produce GF (by the Iſt Poſt.) make the QACB=<P (by the 15th 


Cor, of the 24.) ſer off CE, from E to B, and draw AB (by the 1} | 
- Poſt.) and the thing is done. For the Triangle BAC Parale/ogran 8 


ECGF (by the 5th Cor. of the 7th.) 
10. (From the 3d Cor. of the th we are taught how to make 2 
Triangle BDC = Triangle BAC, having an Angle BCD = to a 


Right-lined Angle given P. (See the Figure of the 3d Cor. of the 7th.) 


Thro' A, draw AD parallel to BC (by the 5th Cor. of the 51h) 
make the < BCED=<P (by the 15th Cor. of the ad.) and draw the 
Line DB (by the Iſt Poſt.) and the thing is done. For the Triangle: 
ABC, DBC, are equal (by the 3d Cor. of the 7th) | 


How upon a given Right Line to make a Parallelogram, equal to a given 


Triangle, having a given Angle (which is the 44th of the 1ſt) and thence 
10 make a Parallelogram equal to any Right-lined Figure given (which is 
tbe 45th of the 1 5 be feen in the 6th Cor. of the 19th. 

= Prop. 


"= 
3s 


— 14 
off , 
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Propoſition. VIII. A Theorem, . 
of Enilide, the 47th of the iſt. 


In Right-Angled Triangles BAC, G 
the Square BE which is made of the 
Side BC, that ſubtends the Right An- F „ FY" 
le BAC, is equal to both the Squares 
BG, CH, which are made of the Sides 1 
AB, AC, containing the Right An- 


gle. | 


Conſtr. Joyn AE and AD (by the 1ſt 
Poſt.) and draw AM parallel to CE MES) 
(by the 5th Cor. of the 5th.) . D NE 


Dem. Becauſe the DBC FBA (by the 12 Ax.) add the ABC 
common to both, then is the ABD = FB C (by the 2d Ax.) more- 
over, AB B F (by the 29th Def.) and BD=BC (by the ſame) there- 
fore, is the Triangle ABD= Triangle FBC (by the 2d) but the Pa- 
rallelogram BM = twice the Triangle ABD (by the 8th Cor. of the 7th) 

and the Square BG = twice the Triangle FBC (by the ſame.) For, 
GAC is one Right Lins, (by Hyp.) therefore is the Parallelogram BM 
=Square BG (by the 6th Ax.) by the ſame way of Argument is the 
Parallelogram CM=Square CH; therefore is the Square BE = Pa- 
rallelogram BM Parallelogram CM (by the 19th Ax.) =Square BG 


H 


CH (by the 1ſt Ax.) W. W. D. _ 
1. Hence we are taught how to make one Square equal to 1 6 * 
number of Squares given. | B 2 


the Sides are AB, BC, CE, make the Right- | 
angle FBZ (by the r3th of the 24.) and transfer 7 a 
BA 975 horny and ay from B to C, and | | 
joyn the 1ſt Pott.) then is ACq=A Fd: 
TBC (by the 8th Prop.) then —— ad A*B£- — 0 
from B to X, and CE from B to E, and joyn 2 

EX {bythe 1ſt Poſt.) then is EXq=EBq (=CEq) W 
+BXq(by the8th)= ACq=CEq+ ABq+BCq FA. E B 
(dy the 2d Ax.) W. W. D. D 2 2. Hence 


Let the three Squares be given, whereof f 


ty — 
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2. Henee we are taught, how from two unequal Lines being given, 
AB, BC; to make a Square equal to the Difference of the two 


Squares, made upon the given Lines AB, BC. 


| E From the Center B, at the diſtance of BA, 

deſcribe a Circle (by the 3d Poſt? from the Point 

Cerect a Perpendicular CE (by the 1 3thof the 2d. 

| I cutting the Circumference in E, and draw CE 
1 (by the Iſt Poſt.) which will be the Side of the 


Square required. For BEq(=BAq)=BCq-CEq (by the 8th) where- 
fore, BAq—BCq=CEq (by the zd Ax.) W. W. D. ; 

3. From the 8th and by the help of the Square Root, we ace 
taught how from any two Sides being given, the third may eaſily 
be found : For ſuppoſe the two Sides containing the Right Angle 
were given, to find the Side ſubtending the Right Angle; in this 
Cate, to the Square gf one of the Sides, add the Square of the o- 
ther, the Square Root of their Sum will be the Side required. 
Again, ſuppoſe the longeſt Side, or Side ſubtending the Right 
Angle were given, and one of the containing Sides to find the other ; 
in this Caſe, from the Square of the longeſt Side, ſubtract the Square 
of the other Side, the Square Root out of the Remainder, will be 
the remaining Side; as is abundantly manifeſt from what went be- 


fore, which is the Theorem of the 47th of the t. 


57 How the Square Root may be performed, ſhall be ſhewn in its due 
Face. . | 


Props6ſition + Theorem, 
of Euclide, the 17 of. the 24. 


F_ HI G If two Right Lines AF, AB, be given, and 
| one of them AB, divided into as many Parts or 
Segments as you pleaſe, the Rectangle compre- 
r hended under the two whole Right Lines AB, AF, 

B frallbeequal to all the Rectangles contained under 


the whole Line AF, and the ſeveral Segments AD, DE, EB. 


Set 
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Set AF perpendicular to AB (by the 13th of the 2d) thro F draw an 


D. E, B, erect Perpendiculats, DH, EI, BG, (oy the ſame) then is 
AG a Rectangle, comprehended under AF, AB, and is equal to 
the Rectangles AH, DI, EG, (by the 19th Ax.) that is, becauſe 
DH, EI, AF, are equal (by the 7th of the 5th) to the Rectangles 
under AF, AD, under AF, DE, under AF, EB, W. W. D. 

1. Hence if two Right Lines given, be both divided into how 
many parts ſoever, the product of the two whole Lines multiplied 
into themſelves, ſhall be the ſame with that of the parts multiplied. 
into themſelves. Wo 

What has been ſaid of Lines, holds good of Quantitys in 
general; thus, if the Quantities a+ þ+c be to be multiplied by 
d + e, the product will be ad aA ,d T ae + eb ec. 


no other but the Addition or Repeating the ſame thing a certain number of 


fo many times more than it was vefore : So therefore to multiply 4 p (where 


p in this Caſe is put for a Pound Sterling) by the Number 4, is to add 4p 
or repeat the Poſition or "Affirmation of 4p, 4 times; and to repeat 
the Poſition or Affirmation of 4 p 4 times, is to make it 16p ; and con- 
fequently the Product is in this Caſe 16 Pounds. Whereas, to multiply 
4p or 4 Pounds, by 4p or 4 Pounds, produces (by the preceding Corol- 
lary) 16 pp, which cannot be called 16 Pounds, but in the Phraſe of the 
Mathematicians 7s called a Quantitas Sui Generis; and is of a quite diffe- 
rent Nature from that, arifing from the Multiplication of 4 p or 4 Pounds, 
by the Number 4, which Product alone is properly called 16 Pounds. For 
if the Product ariſing from the Multiplication of 4 Pounds by 4 Pounds, 
e 5 Pounds, then it follows, that 4p is equal to 4 pp, a Part to the 
ole, which is impoſſible (by the gth Ax.) 

9 Upon the gth Propoſition, the reaſon of Algebraic Multiplication is 
 /0nnded, and therefore whoever goes about to prove this, and conſe- 


A quently the reſt of the Propoſitions of the 2d Book Algebraically (en TT 


infinite Line FG, perpendicular to AF (by the ſame) from the Points 


Aud here I cannot omit taking notice of a very n1torious Blunder, or rather , 


ts SAT 
Error in Judgment, that prevails amongſt almoſt all the Teachers of Arith- 3 5 
metick, viz. That of multiplying Money by Money, the Reſult of which then 
call Money, which is in its own Nature abſurd; for as Multiplication is © mY * 


times, and conſequently produces the Poſition or Affirmation of the thing, 57. 4 


A 


— —— h ł7üůutut⁊ 
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of late have done) take the thing for granted, which it is intended 
to prove, and leave the Reader in reality in as much Ignorance as they 
found him. | | 
2. Hence, if a Right Line Z, be cut any-wiſe into two parts, the 
Square made of the whole Line Z, is equal both to the Squares made 


ot the Segments A, E, and to twice a Rectangle made of the parts 


A, E. 0 

. Iſay Zq=Ag + 2AE TEA. 
2 1 For becauſe ZA. E (by the 19th Ax.) 
FEW = _= — therefore, Zq=ZA+LE (by the 2d Ax.) 
A" „ E. but, ZA=Ag+AE (by the ſame) and ZE 
AE Eq (bythe ſame) therefore, 24 2 4 


+ ZE=4q + 2AE+ Eq (by the 2d Ax.) and conſequently, Z 


+24E+ Eq. W. W. D. 
3. Hence, we are taught how to Extract the Square Root out of 


any given Number. 5 | | | | 
Let the given Number whoſe Root is io be found be 576, which put 


equal to Zq=Aq+2AE+Eq, then will A+E=Z=\/ 576, Aſſume 


A=20, then will Aq=4qoo, and conſequently 576—400=176=2AE 
+EE=2A+ExE. Now in order to find out E, the other part of the 


| Root, enquire how oft 2A 40 may be had in 176, with this Condition, 


that the Anſwer being added to 2 A=40, and that Sum multiplied by the 


Number found, may not exceed 1762 ExE, and the Anſwer in | 


this Caſe will be 4 ; for 40+ 4Xx4=2A+ExE=160+16=2AE-| Eq 
='s 76, wherefore Z ANA ES 120 ＋4 24 is the Root required, 


any one compare the ſteps here taken, with the Rules uſually delivered | 
for Extracting the Square Root, will find them exactly to agree. | 


But to ſhery the univerſality of the Method, and that the Practitioner can- 
not be out in his Aſſumption of the value of A, we will aſſume A.=16, then 
will Aq=256, and conſequently 2 A+ ExE=576—256=320 ; enquire 
therefore how oft 2 A or 32 may be had in 320, with the proper limita- 
tion, and the Anſwer will be 8, for 32+8x8=2A +ExE=256-64 
2 Eq=320. Wherefore, 16+ 8=A +E=24=Z, the Root re- 
quired. — 


Again) 


—— 
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Again, Let us take A=30, which is manifeſtly more than the true Root, 
then will Aq be equal to goo, and conſequently 2A +ExE=576—goo 
=—324, whence E will be found equal to —6, and 2A + ExE=60—6 
x—6=—360+36=—324=2AETEq. Wherefore, EA E=3e 
—6=24, the true Root as before found. | 


4. Hence it follows, that the Rectangle made of the Sum and 
Difference of two Lines, is equal to the Difference of their Squares, . 
(which is the 5th of the 2d.) and of Uſe in Trigonometry for finding one 
of the Sides of a Right-Angled Triangle, when the Hypotenuſe and 
other Side is given. | 

Let A and E repreſent two Lines, put Z ' E=Sum, and X= 4: 
— E= Difference, then (by the 24 Ax.) will ZX AY AE—AE + 
Eq = AT Eq (by the 3d Ax.) W. W. D. 8 


5. Hence it follows that if a Right Line 4, be divided into equal 
parts, and another Right Line E, be added to the ſame directly in 
one Line, then I ſay, Q ATE A CAE -Eꝗ (by the 2d Cor. of 
the gth.) which is the 6th of the 2d. | N 


6. Hence if three Right Lines be in Arithmetical Proportion, the 
Rectangle contained under the Extreams, together with the Square 
of the Difference, is equal to the Square of the middle Term. 


* 
J 4 * 


7. Hence if a Right Line Z, be divided any-wiſe into two parts 
and E, I (ay Zq+Eqz=2ZE+ Ag (which is the 7th of the 24.) 

For, Zq—=Aq+E9q-t 2AE (by the 2d of the gth.) and 2ZE=2 Eq 
A2AE (by the 24 Ax.) therefore, 25 Eq (by the 24 
Ax.) Therefore, Zq+ Eqz2ZE+ AZq. W. W. D. 


8. Hence it follows, that the Square of the Difference of two 
Lines, is equal to the Squares of both the Lines; leſs by a double 
Rectangle comprehended under the Lines. 


9. Hence we are tavght how to cut a Right Line given AB, in 
the point G, ſo that the Rectangle comprehended under the whole 
Line AB, and one of the Segments BG, ſhall be equal to the Square 
that is made of the other Segment AG, (which is the 11th of the 2d.) 
and is the (ame with the 30th of the 6th, viz. To cut a finite Right 


Line. according to Extream or Mean Ratio. Conſtr. 


at — 
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C—1B Conſtr. i 
I / |6___14 Upon AB form the Square AC, biſe& the 
| Side AD in E, and draw EB; make EF 
| equal to EB, on AF make the Square AH, 
| * le then is AH=ABxBG, 55 
3 A * | 
Dem. For HG being produced to / (by the 2d Peſt.) the Rect. DHA. 
E Aq—=EFq (by the 5th of the gth.)—EBq (by Conſtr.)=BAq EAC 
the 8th.) therefore, is Rect. DH=BAq (by the 3d Ax.) = to the 
Square AC, take away the Rect. AI common to both, and there re- 
mains the Square AH equal to the Rect, GC; that is, 404 ABB 
BG. W. W. D. | 
10. From the 8th and 2d of the 9th it follows, that in an Obtuſe 
Angled Triangle ABC, the Square that is made of the Side ſubtend- 
ing the Obtuſe Angle, is greater than the Squares of the Sides BC, 
AB, that contain the Obtuſe Angle ABC, by a double Rectangle 
contained under one of the Sides BC, which are about the Obtuſe 
Angle ABC, on which Side produced the Perpendicular AD falls, 
and under the Line BD taken without the Triangle, from the point 
on which the Perpendicular AD falls, to the Obtuſe Angle ABC. 
I ſay, ACq=BCg+ABqTi2CBxBD. _ + 
A For ACq=CDqi-ADq (by the 8th CB 
2CBD |- BDqt ADg (by the 2d of the gth) = 
CBq \-2CBD | ABq (by the 8th.) W. W. D. 


11. In Acute-Angled Triangles ABC, the 
| Square made of the Side AB, ſubtending the 
Acute Angle ACB, 1s leſs than the Squares 
made of the Sides AC, CB, comprehending the 
Acute Angle ACB, by a double Rectangle 
C contained under one of the Sides BC, which 


are about the Acute Angle ACB on which the Perpendicular AD falls, 
and under the Line DC, taken within the Triangle from the Perpen- 

KLicular AD, to the Acute Angle ACB. 
1 ſay that AC ECq=ABqT 235CD. 


Fot 


Euclides Elements. 25 


| For Aci + Bcg=ADq+DC9q + BC (by the 8th) = ADq+ BDg 
C (by the 7th 0 the gih = ABqr\- 2BCD (by the 8th) 
W. D. 25 * 

| ” 2, Hence the three Sides of any Right Lined Triangle being 

WF Lnown, the external Baſe BD in the 10th, and the Segments DC, BD, 
in the 11th, as alſo the Perpendicular (by the 3d of the 8th) may be 
eaſily found ; and from thence the Angles of each Triangle, as allo 
their Areas, as ſhall be ſhewn hereafter. 


Propoſition X. A Theorem, 
of Euclide, the 16th of the 3d. 


A Line CD, drawn from the extream Point 6 4 

of the Diameter HA, of a Circle BALH, Per- "KR T 
pendicular to the ſaid Diameter, ſhall.fall 'with= ( EN x, 
out the Circle and between the ſame Right B 
Line, and the Circumference cannot be drawn 
another Line AL, and the Angle of the Semi- | 
circle BAI is greater than any Right Lined A- " 
cute Angle BAL. And the remaining Angle without the Circum fe- 
rence DAI, is lets than any Right Lined Angle, 
From the CenterB to any Point F, in the Right Line AC, draw 
the Right Line BF, the Side BF ſubtending the Right Angle BAF, 
is greater than the Side BA, which is oppoſite to the Acute Angle 
BFA (by the 157 Cor. of the 4th.) therefore, whereas BA(=BG) reach- 
es to the Circumference, BF ſhall reach farther ; and fo the Point F, 
and for the ſame Reaſon is any other Point of the Line AC, placed 
without the Circle. V. V. D. | 

2. Draw BE Perpendicular to AL (by the 14th Cor. of the 24.) the 
Side BA oppoſite to the Right Angle BEA, is greater than the Side 
BE, which ſubtends the Acute Angle BAE (by the 187 Cor. of the 4th) 
therefore the Point E, and ſo the whole Line EA falls within the 
Circle. V. V. D. | 


_ 3 Hence it follows, that any Acute Angle, viz. EAD is greater 
chan the Angle of Contact DAI, and that any Acute Angle BAL, is 
es than the Angle of a Semicircle BAI. V V. D. Hence, 

| | 3 1 


9 3. Hence, and from the ath and 8th Cor. of 
4 N the 24 it follows, that if from the Point A, a 
1 
K 


Line be drawn, that Line ſhall paſs through the Center. 


found in the middle of this Line (by the 5th of the 10th) wherefore, 


IK, you will have the Center E required, 


* 
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15. A Right Line drawn from the Extremity of the Diameter, and 
at Right Angles to it, is a Tangent to the ſaid Circle. | g 
2. Wherefore, If any Right Line FD, touch a Circle, and from 
the Center to the Point of Contact A, a Right Line BA be drawn, 
that Line BA ſhall be Perpendicular to the Tangent FD. ( ich is 


the 18th of the 3d.) 


Right Line CA be drawn parallel to the Tan- 
gent GH, it ſhall be biſected by the Diameter 
BD, paſſing through the Point of Contact. 
(Which is the ſubſtance of the 3d of tbe 3d.) 


* D H 


4. Hence all Lines drawn within the Circle parallel to the Tan- 
gent, are biſected by the Diameter paſſing through the Point of 
Contact. 

5. Wherefore if a Line be drawn any-wiſe within the Circle, and 
through the middle of it, and at Right Angles to it, another Right 


6. Hence we are taught how to find the Center of any given Cir- 
cle. (Which is the 1ſt of the 3d.) viz. | | 
1. Draw any Line as AC within the Circle, biſect it by the Line 
DB (by the 12th Cor. of the 24.) and the Center of the Circle will be 


if this Line be again biſe&ed (by the 1 2th of the 24.) with the Line 


7. From the 1/ Cor. we are taught, how from'a Point given A, to 
draw a Right Line AC, which ſhall touch a Circle given DEC. 
(Which is the 17th of the 3d.) , 

From the Center D, draw DA cutting the Circumference in B, 
(by the 1ſt Post.) from B draw a Perpendicular BE 
(by the 13th of the 2d) on D, with the Diſtance 
DA deſcribe a Circle (3) the 3d Poſt.) cutting 

BE in E; from whence to the Center draw DE, 
cuting the Circumterence in C; laſtly, draw AC 
and the thing is done, - | 


For, 
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For, DC=DB, and DA=DE (by the 15th def.) and T D com- 
mon, therefore is <DCA=DBE=Right (by the 2d.) and AC 
2 Tangent (by the 1ſt Cor.) 

Propoſition. 1 Theorem, 
of Euclide, the 20th of the 3d. 


In a Circle DABC, the Angle BDC at the Cen- 
ter, is double the Angle BAC at the Circumference ; A 
when the ſame Arch of the Circle BC, is the Baſe 
of the Angles. \ 


| If one of the Lines paſs through the Center, as 
in the iſt Caſe, then the BDC DACH DCA Ty 


(by the 6th) but < DAC=DCA (i the 4th of the 
24) therefore, <BDC=2DAC- V. N. D. 2 


If neither paſs through the Center, as in the 24. 5 N 
and 3d Caſes; draw the Diameter ADE, then the E 
outward Angle BDE=DAB+ DBA (by the 6:h) | 
—2DAB (by he 4th" of the 24.) allo, EDC D : 
2DAC by the ſame, therefore in the 24 Caſe, the Dd) 
whole <BDC=2DAC (by the 2d. Ax.) and in the * \ XJ 
zd. Caſe, the remaining QBDC=2BAC (by the 
20th Ax.) W. W. D. a 


1. Hence and from the 7th Ax. it follows, that 

in a Circle EDAC, the Angles DAC and DBC, A 
which are in the ſame Segment are equal. 
(Which is the 21ſt of the 3d) or which ſtand upon 
equal parts of the Circumference, in equal Cir- 


cles, ¶ Which is the 26th and 27th of the zd) are * 
equal.) 
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2. From Prop. 6th and I1ſt it follows, that the 


3 Angles 4DC, ABC, of a Quadrilateral Fi- 

gure ABCD, inſcribed in a Circle, which are 

A <=) oppoſite one to the other, are equal to two 

| 2 Right Angles. ä 

I Abc (Be A=) BDA (BAC) 

BDC= two Right Angles (by the 6th) = 4BC 
+ ADC-(by the 2d Ax.) Which is the 224 N the 3d ; 

ee PS 3. In a Circle, the ABC which is in 

the Semicircle, 15 a Right Angle ; but the 

Angle which is in the greater Segment BAC, 

is leſs than a Right Angle; and the Angle 

which is in the leſſer Segment BH, is great- 

er than a Right Angle. Moreover, the An- 

le of the greater Segment is greater than a 

ight Angle; and the Angle of the leſler 

Segment is leſs than.a Right Angle. 

Draw from the Center D, DB; becauſe D, DB, DC, are e- 

qual (by the 15th Def.) therefore is the Q4—=< DBA (by the 4th if 

the 2d.) and QDCB=< DBC by the ſame, therefore, ABC D 

SAA (by the, 24 Ax.) = a Right Angle () the 3d Cor. of the 
6th) =EBC (by the 6th.) | 1 

Again, becauſe <ABC is Right, the < BAC is Acute (by the gth 
Cor. of the 3d.) and becauſe (by the 2d Cor of the 11th) < BAC-BFC 
two Right, therefore BE is an Obtuſe Angle. 

Laſtly, the Angle contained under the Right Line CB, and the 
Arch BAC, is greater than the Right AC; bur the < made 
by the Right Line CB, and the Periphery of the leſſer Segment BH, 
is leſs than the Right ABC (by the gth Ax.) W. W. D. K 

4. Whence, In a Right Angled Triangle, if the Hypotenuſe AC 
be biſected in D, a Circle drawn from the Center D through the Point 
A, ſhall alſo paſs thro* the Point B, which is of Uſe in the Con- 
ſtruction of Quadratic Equations. . 


B 


5, Hence we are taught, how from a given 
Point P, at the end of a Right Line DP, to e- 
rect a Perpendicular PB, or Line at Right An- 
gles. 
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Conſt. Placing one Foot of the Compaſſes in P the Point given, 
with any diſtance CP, placing the other Foot in C, deſcribe the Circle 
BPA (by the 3d Poſt.) and through A and C draw the Right Line. AC 
(by the 1/t Poſt.) and produce it (by the 2d PosF.) till it cut the Cir- 
cumference in B, and draw BP (by the 1ſt Poſt.) and the thing is 

one. | 5 
; For becauſe AC is a Diameter, the Angle APB is a Right Angle 
(by thezd. of the 11th) and BP a Perpendicular (by the 1oth Def. 

6. Hence we are taught, how from a Point given B, over the end 
of a Right Line DP, to let fall a Perpendicular BP. 

For from the given Point B, to any Point A in the Right Line 
BD, draw the Line BA (by the i/t Poſt.) and biſe& AB in the Point 
C (by the 12th of the 2d.) on C as a Center, with the diſtance CA or 
CB, deſcribe the Circle CBPA (by the 3d Poſt.) cutting the Line DP 
in P, and draw BP (by the 1ſt Poſt.) and the thing is done. 

For, becauſe C is the Center of the Circle CABP, and AB a Di- 
ameter, therefore-is the Angle APB a Right Angle, by the (3d of 
the 11th) and BP a Perpendicular (by the 10th Def. 

7. It a Right Line AB touch a Circle, and 


from - the Point of Conta& be drawn a Right | 
Line CE cuting the Circle, the Angles ECB, 5 
EC A, which it makes with the Tangent Line, 

are equal to thoſe Angles EDC, EH, which F< 
are made in the Alternate Segment of the Baſe. - _ <0 
(Which is the 3 2d of the zd.) A C B 


Let CD be Perpendicular to AB, then is the CED Right (by 
the 3d of the 11th.) and therefore D DCE= Right (by the 3d 
Cor. of the 61h) =<WECB+DCE (by Conſtr.) therefore < D=ECB 
by the 3d. Ax. Again, becauſe ECB -ECA= two Right (by the 
34) =D+F (by the 2d of the 11th) therefore is E ECA (by the 
34 Ax.) W. W. D. | F 

8. Hence we are taught, how upon a Right Line AB, to deſcribe 
the Segment of a Circle, which ſhall contain an Angle equal to a 

Right Lined Angle given C, viz. (Which is the 33d of the 34.) 


By 
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8 By making the < BAD=<C (by the 151), 

the 2d) and drawing AE Perpendicular to 41 

11 E (by the 11th of the 2d) then, waking the 4 

7. BAF (by the 15th of the 2d) and drawing 

BF to cut AE in F, which will be the Center 

"2 3 of a Circle, about which if a Circle be drawn 

with the Radius FA or FB, the Segment AIB 

AC will be the Segment required. For becauſe A 

is Perpendicular to HD, the AEB (= Ag 

by the 1ſt of the 11th) BAD (HY the 5th of the 11th) =<C by Con- 
ſtruction. W. W. D. x 


eee 9. Hence we are taught likewiſe, how 
2 


* from a Circle given ABC, to cut off a Seg- 

ment ABC containing an Angle B, equal 

| to a Right Lined Angle given D (which # the 
A 7 22 


34th of the 34.) 


For draw the Tangent EF, touching the Circle in A {by the 7th 
of the loth) let AC be drawn, making an Angle FAC=D (by the 
15th of the 2d.) this Line ſhall cut off ABC, containing an < B=CAF 
(i the 5th of the 11th) =<D (by Conſtruction. ) W. W. D. 


Propoſition. XIE A Theorem, 
of Euclide, the 3 5th of the zd. 


Tf in a Circle FBCA, two Right Lines AB, DC, 
cut each other, the Rectangle comprehended un- 
der the Segments AE, EB, of the one, ſhall be 
equal to the Rectangle comprehended under the 
J Segments CE, ED, of the other. 5 

B a 
1. Caſe, If the Right Lines cut one the other in the Center, the 
«thing is evident. ä 


2. Caſe, 
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2. Caſe, If one Line 4B, paſs thro' the 
Center F, and biſe& the other DC, then draw 
FD (by the 1ſt Poſt.) now, AEXEB + FEq=FBq 
(by the 4th of the gth)=FDq- EDq+ FEq (by the 
87%) therefore, AEXEB=ED4q (by the 3d Ax.) 
—DEXEC. W. W. D. 


z. Caſe, It one of the Lines paſs thro the 
Center, and cut the other unequally, biſect CD 
by FG (by the. 1 2th of the ad) a Perpendicular from 
the Center, then is, AEXEB C FEq= (by the 
4% of the gth) FBq—FDq=FGq+ GDq (by the 
8th) = FGq+ GEq-14-CEXED (by the 4th of the 
th) FEE CEXED (by the 8th) therefore, AE 
xEB-CEXxED (by the 3d Ax.) W. W. D. 


4. Caſe, If neither of the Right Lines AB, 
CD, paſs thro' the Center, then thro' 
the Point of Interſection E, draw a Diameter 
GH, and it will be (}y the laſt Cor.) AEXEB 
=GExXEH=CEXED. W. W. D. 


of Euclide, the 36th of the 3a. 


If any Point D, be taken without a Circle D 
EBC, and from that Point two Right Lines 
DA, DB, fall upon the Circle, whereof one 
DA, cuts the Circle, the other DB touches it, 
the Rectangle comprehended under the whole 
Line DA that cuts the Circle, and under DC, 
that part which is taken from the Point given 
D, to the part of the Periphery, ſhall be equal 
to the Square made of the Tangent Line. 


Enclid?'s Elements. 

I fay, ADY DCS DB IL. 
1. Caſe, If AD the Secant Line, paſs thro 
the Center, joyn EB, this will make a Right 
Angle with the Line DB, wherefore, DBA 
EBq (=ECq)=EDq (by the 8th) = ADxUC, 
+BCq (by the 5th of the gth) therefore, DB; 

—ADxDC (by the 3d Ax.) W. W. D 
2. Caſe, It AD paſs not thro' the Center 
then draw EC, EB, ED, (by the 1ſt Po.) and 
EF a Perpendicular to AD (by the 13th of the 
| 2d) which will biſe& AC (by the 3d of the 10th.) 
Becauſe, BDg + EBq=EDgq (by the 8&h)=EFq + FDg(by the lame) 
—EFq+ADxDC+FCq (by the 5th of the 9th)=ADXDC + (ECq=) 
EBA (by the 8th) therefore, is BDI ADC (by the 3d Axiom.) 

W. W. D. 


I. Hence, If from any Point A, taken with- 
out a Circle, there be ſeveral Lines AB, 40 
drawn, which cut the Circle, the Rectangles com- 
prehended under the whole Lines AB, AC, and 

the external Parts AE, AF, are equal between 
themſelves. 


For if the Tangent Line AD be drawn, then is 
.CAxXAF=ADq=BAXAE (by the 13th) where 
fore, CAXAF=BAXAE (by the 1ſt Ax.) 


2. It appears alſo from hence, that if two 
Lines AB, AC, drawn from the ſame Point 
.do touch the Circle, thoſe two Lines arc 
equal. For ABq = AExAF = ACq (by the 
13th) wherefore, AB=AC. 


3. It is alſo evident, that from a Point ta- 
ken without a Circle, there can be drawn but 
two Lines AB, AC, that ſhall touch the Cir- 


cle. 
4. And 


” 
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J. And on the contrary, If two equal Right Lines AB, AC, fall 
from any Point A, upon the Convex part of the Periphery of a Cir- 


cle, that if one of thoſe equal Lines AB, touch the Circle, the other 
AC, touches the Circle alſo, | | 


5. Alſo, hence it is manifeſt, that if AExAF=ABgq then AB will 
touch the Circle that AE cuts. ( Ibich is the 37th of the 3d.) 


Propoſition XIV. - A Problem 
pets: of Euclide, the 2d of the 4th. 


In a Circle given ABC, to 
infcribe a Triangle ABC, E- 


quiangular to a Triangle given : 
DEF. | | 


Let the Right Line GH, E 
touch the Circle given in A, 
(by the 7th Cor. of the 10th) 
make the QHAC=E (by the 15th of the 2d) and the <GAB=F 
by the ſame, and joyn BC (by the 1ſt Poſt.) and the thing is done. 

For <B=HAC (by the 5thof the 11th)=E (by Conſtruftion) and 
the <C=GAB=F (by the ſame) whence, the <. BAC=D (by 
the 2d of the 6th) therefore, the Triangle BAC inſcribed in the Cic- 
cle, is Equiangular to the Triangle DEF. W. W. D. | 


This Propofition is of great Uſe in the inſcribing of any regular Poligon 
in a Cirele, for by the help of Iſoceles . AA yuh at the Baſe 
are the multiples of the Angles at the Vertex, may Figures of odd Num- 
ber of Sides be inſcribed ; and Figures of even Number of Sides are in- 
 ſeribed in Circles, by the help of Iſcceles Triangles, whoſe Angles at the 
Baſe are multiples Siſquialter of thoſe at the Top. ; 


os Thus 


= 
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\ 


1 AS I. Thus by inſcribing an Iſoceles Triangle, 


whoſe Angle at the Baſe ACB, is once and an 
Boe” B half the Angle at the Vertex A; we ſhall have 
N one Side CB of a Square ACED, inicribed in a 
W Circle. ( Which is the 6th of the 4th. 


2. Again, by inſcribing an Iſoceles Triangle, 
whoſe Angle at the Baſe ACD, is double of 
the Angle at the Top CAD ; we ſhall have 
one Side CD of a Pentagon, to be inſcribed 
in a Circle. (Which is the 11th of the 4th.) 


3. By inſcribing an Equilateral Triangle ACE 

B r in a Circle, and biſecting each Arch in the Points 

B, F, D, and drawing the Lines AB, BC, CD, 

DE, EF, and FA; we ſhall have an Hexagon, 

CY E AFEDCB, inſcribed in a Circle. (ich is the 
'D 15th of the 4th.) | | 


4. Again, by inſcribing an 
Equilateral Triangle ABC in 
a Circle, and from the ſame 
point A, an Equilateral Pen- 
tagon AEFGH, the dif- 
ference BF, between tlie Arch 
AF and AB, will be the 
Side of a Quindecagon ; 
for 5 — JS a5—1f =. 

Or, if an Iſoceles Triangle 
be inſcribed, whoſe Angle at 
the Baſe is 7 times the An- 
gle at the Vertex; the Baſe 
thereof will be the Side of 
the Quindecagon. (which i 


\ 
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5, Hence we are raught, into what parts a Circle may be divided 
| Geometrically, and what not. For, 


in A Circle is 4. 8. 16. &C. by the 1ſt of the 14th, and 11th of the ad.) 

e Geometrically \ 3. 6. 12. &c. by the 3d of the 14th, and 11th of the 22.1, 

2 divided into ) 5. 10. 20. &c. by the 2d of the 14th, and 1 1th of the 2d. 
Parts. 15, 30. 60. &c. by the 4th of the 14th, and 11th of the2d. 


Any other ways of dividing the Circumference into any parts given, is 
| as yet unknown to Geometers. 
6. By drawing the Tangent Lines HG, GF, FE, EH, (See the 

Figure belonging to the. 1/t Cor. of the 14th Prop.) to the ſeveral 
Poinis C, B, D, A, we ſhall have a Square circumſcribed about 
the Circle. ( I hich is the th of the 4th.) ; 

7. In like manner, by drawing Tangents HG, GL, LF, Ce. 
(See the Figure belonging to the 2d Cor.) to the ſeveral Angular 
Points A, E, D, of the Pentagon inſcribed in the Circle, we ſhall 
have a Pentagon circumſcribed about a Circle. (hich is the 12th 
of the 1.) and ſo for any other. | 

8. By biſecting the Sides AB, AC, T. 

BC, of the Triangle ABC, inſcribed | 
in a Circle, and drawing HI, IK, KH, 
to the ſeveral Points of Interſection L, 
M, N, we ſhall have a Triangle cir- 
cumſcribed about the Circle, ſimilar to 
a given Triangle. (by the 14th and 5th) 
(Which is the zd of the 4th.) | 


; H N K 
9. Hence we are taught, how about any Triangle to circumſcribe 
a Circle ; (which is the 5th of the 4th) or which is the ſame Problem 
to draw a Circle that ſhall paſs through any three Points, not ſcitu- 
ated in a ſtraight Line, viz. by biſecting any two Sides BA, AC, of 
the Triangle BAC, by the Lines DF, EF, and the Point of Inter- 
ſection E, will give the Center ſought. | 

10. In like manner, if any two contiguons Sides of a Square be 
biſected by two other Lines, their interſection will give the Center 
of the Circle to be circumſcribed; ¶ Mhich is the 9th of the 4th.) 

And likewiſe, if any contiguous Sides of a Pentagon be biſected, 
you will by that means have the Ry of the circumſcribing*Circle. 
| 2 Which 
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(Which is the 14th of the 4th.) And proceding in the ſame manner, 
you may find the Center of a Circle, that ſhall circumſcribe any re- 
gular Poligon. | . | 

11. The Center of the Circle circumſcribing any Equilateral Fi- 
re, is the Center ot the Circle to be inſcribed in the ſame Figure: 
thus, by biſecting the two contiguous Sides of the Square, you have 
the Center of the Circle to be inſcribed (which is the 8th of the 4th,) 
and by biſecting any two Sides of the Pentagon, you will have the | 
Center of the inſcribing Circle, (which is the 13th of the 4th) and ſo 


for any other. 


2 12. By biſecting any two Angles B, C, 
of a Triangle ABC, with the Lines BD, DC, 


E 6 ve hall have the Center D, of a Circle EFG, 
to be inſcribed in the Triangle BAC, (Which 

N N is the 4th of the 4th.) 
e 


13. The following Problem is of Uſe in making a Pentagon upon 
a given Right Line, and inſcribing the ſame in a Circle, viz. To 
make an Iſoſceles Triangle ABD, having'cach Angle B, D, at the 
Baſe double to the remaining Angle A at the Vertex. (I hich i; 
the 10th of the 4th.) s . 


1. Take any Right Line AB, and di- 
vide it in C (by the 9th of the 9th) ſo that 
 ABxBC=ACq; from the Center A, thro 
B, deſcribe the Circle ABD (by the 3d 
Poſt.) and make BD=BA, and joyn AD, 
and the thing is done; · and ABD the Tri- 
angle requixed. taco | 


Conſtr. Draw DC by the 1ſt Poſt. and 
about the Points C, A, D, deſcribe a 
| | Circle (by the 9th of the 14th.) 
Now becauſe ABxBC= ACq-BDq, BD touches the Circle that 
Ag cuts (by the 5th of the 13th) therefore, BDC A (by the 5th 
of 57 11th) therefore, BDC CCDA RC DAT A (ty the A. 
Ax. 5 | r 
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but <BDC+CDA=<A--<CDA=BCD (by the 6th) bus < 
BDC CDA CD therefore, EBCD=< CBD (4y the 1/2 Ax.) 
therefore, DC= DBS AC therefore, <CDAZA=<BDC there- 
fore, SADBEXRASZIABD. VV. V. D. | 


Propoſition XV. Of Proportion. 
The ſubſtunce of the 5th Book of Euclide. 


Two Numbers, Lines or Quantities, A and B, being propoſed}. 
their Relation one to another may be conſidered under one of theſe - 
two Heads. 
1. How much A exceeds B, or B exceeds A, and this is found 
by taking A from B, or B from A, and is called Arithmetic Reaſon 
or Ratio. Or, 5 | EY 
2. How many times or parts of a' time A contains B, or B con- 
tains A, and this is called Geometric Reaſon, or Ratio (or as Euclide 
# defines it, (in the 3d Def. of the 5th) it is the mutual Habitude or Re- 

Spe of tuo Magnitudes of the ſame kind according to Quantity; that ic, 
as to how oft the one contains or is contained in the «ther) and is found by 
dividing A by B, or B by A; and here Note, that that Quantity which 
is referr'd to another Quantity, is called the Antecedent of the Ratio 
and that to which- the other is referr d, is called the Conſequent of the 
Fr as in the Ratio of A to B, A is the Antecedent, and B the Con- 

equent. | 

* Therefore, any Quantity as Antecedent, divided by any Quan- 
tity as a Conſequent, gives the Ratio of that Autecedent, to that Con- 
ſequent. | ; d p 


I2 | , 
and in Numbers the Ratio of 12 to 4 Is ” op 3 or Triple, but the 


Ratioof 4 to 12 512 or Subtriple, and in the following is noted 
by the Letter rr. ; 


And 


"tl 
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4. And here Note, that the Quantitys thus compared, muſt be of 
the {ame kind, that is, ſuch which by Multiplication may be made 
to exceed one the other, or as (it is expreſſed in the 4th Def. of the 
5th) thoſe Quautitys are ſaid io have a Ratio between them, which being 
multiplied," may be made to exceed one another. Thus, a Line how 
ſhort ſoever may be multiplied, that is, produced ſo long as to ex- 
ceed in Length any given Right Line, and conſequently theſe may 
be compared together, and the Ratio expreſſed, but as a Line can 
never by any Multiplication whatſoever, be made to have Breadth, 
that is, be made equal to a Superficies, how ſmall ſoever ; theſe can 
therefore never be compared together, and conſequently have no Ra- 
tio or Reſpe& one to another according to Quantity, that is, a 
to how oft the one contains, or is contained in the other. 


5. Magaitudes or Quantitys, A, B, C, D, are ſaid to be Propor- 
tional, the 1/# A, to the 24 B, and the 3d C, to the 4th D, when 
the Ratio of the 1/2 A, to the 2d B, is the ſame with the Ratio of the 
34 C, to the 4th D; or which is the ſame thing, when the firlt A, 
as oft contains or 1s contained in the ſecond B, as the third C, con- 
tains or is contained in the fourth D. Thus, the Numbecs 4, 8, 12, 
24, arc proportional Numbers, becauſe the firſt Number 4 is as oft 
contained in the ſecond Number 8, as the third Number 12, is 


contained in the fourth Number 24, that is twice, and which is 


therefore called the common Ratio. | 
Whence it follows, that Magnitudes which to one and the ſame 
Magnitude have the ſame Ratio, are equal the one to the other, and 


if a Magzityde have the ſame Ratio to other Magnitudes, thoſe Mag- 


nitudes are equal one to the other. ¶ Which is the gth of the 5th.) 

6. Now in comparing the Quantitys . B, Th D, rogether, if 
the Ratio of the ſecond B, to the third C, be found to be the ſame 
with the Ratio of the firſt A, to the ſecond B, and of the third C, 
to the fourth D. then thoſe four Quantitys A, B, C, D, are ſaidto 
be in Geometric Proportion continued, or ſome times in Ceomettic 


| Progreſſion, and are therefore called Progreſſional Numbers; and ſo 


for any greater Number, viz. 5, 6, 7, &c. thus, the Numbers 4, 3» 
I, 2, 4, 8, 16, 32, Oc. or, 81, 27, 9, 3, 1, 4, 3, Cc. are in Geome- 
tric Proportion continued, becauſe there is the ſame conſtant Ratio 
between them, and are therefore called Progreſſional N — or 

: eo- 
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Geometrical Series; the firſt of which is called an increaſing Series, 
vecauſe it is generated by a continual Multiplication, the ſecond is 
called a decreaſing Series, in as much as it is generated by continual 
Diviſion. | 
7. When three, four, or more Quantitys A, B, C, D, Cc are con- 
tinually proportional, the firſt A, ſhall have a duplicate Ratio to 
the third C, of that it has to the ſecond B, as being compounded ot 
the Ratio's of the firſt to the ſecond, and of the ſecond to the third. 
In like manner, the firſt A, fhall have a triplicate Ratio to the fourth 
D, of what it had to the ſecond B, as being compounded of the 
Ratio's of the firſt to the ſecond, of the ſecond to the third, and of 
third to the fourth; and ſo always in order one more, as the Pro- 
portion ſhall be expreſſed. | 
8. In comparing the Quantitys A, B, C, D, together, if the 
Ratio of the ſecond Quantity B, to the third C, be greater or lefler 
than the Ratio of the firſt A, to the ſecond B, or of the third C, to 
the fourth D; then thofe Quantitys A, B, C, D, are ſaid to be in 


Geometric Proportion diſcontinued ; thus, in the Numbers 4, 


8, 24, 48, becauſe the Ratio of the ſetond 8, to the third 24, 1s 
triple; greater than the Ratio of the firſt 4, to the ſecond 8, or of 
the third 24, to the fourth 48, which is but double ; therefore thoſe 
tour Numbers are in Geometric Proportion diſcontinued ; and the 
Sign for diſcontinued Proportion is:: and where this Sign is placed, 
it ſhews that there the Proportion is interrupted, and. begins a new, 
2nd according where four Quantitys are thus expreſſed A: B:: C: D 
they are thus to be read, as A is to B, that is in Proportion to B, 
ſo is C to D. 2 
From theſe Premiſes duly conſidered, all the various Properties of 
proportional Numbers or Quantitys, will be eaſily inveſtigated. 
iſt. If four Quantitys be in Proportion, either continued or diſ- 
continued, the Product of the Extreams, is equal to the Product of 
the Means. : 
Thus, if in diſcontinued Proportion it be ra: a: : rb :5 the Pr 
duct of the Extreams is rxaxb=rab evidently equal to that of the 
Means axrxb=arb. 4 ; © 
Again, if in continued Proportion it be a: ar: : arr : arrr the 
Product of the Extreams is a*arrr=aarrr evidently equal to the 
Produ& of the Means arxarr=aarrr. Whence on the contrary, * 
| 2. 
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2. If of four Quantitys, the Product of the Means is equal to the 
Product of the Extreams, then thoſe four Quantitys are in Geome- 
tric Proportion. f ; , 528 
3. If three Quantitys are in continued Proportion Geometrical, 
the Product of the Extreams is equal to the Square of the Mean or 
middle Term. Thus, if the three Terms be a, ar, arr, the Produd 
of the Extreams, is aXarr=aary evidently equal to the Square of the 
Mean, or middle Term arxar=aarr. : 

4. It there be never ſo many continual Proportionals, the Produd 
of the Extreams, is equal to the Product of any two of the Means, 
equally diſtant from the Extreams; as alſo to the Square of the mid- 
dle Term, If the Number of Terms be odd; thus in the Series, 
a, ar, arr, ar, ar*, ar, ars, &c. the Product of the Extreams, 
and of any two Terms equally remote from them, and the Square of 
the middle Term is Saar“ as is manifeſt, by multiplying them toge- 
ther. . | ip; E 

5. If ſeveral Quantitys are proportional continued, or diſcontinued, 
As one Antecedent is to its Conſequent, ſo is the Sum of all the An- 
tecedents, to the Sum of all the Conſe quent. ; 

1. If they are diſcontinued, as a: ar: b: br: :c: co then, as 
a: ar: :a+b+c: ar Ar er for, a+b+cxar=ar+br+crxa = aar 
—+ abr & acr evidently equal. A+ e ORC 

2. If they are continued, as a, ar, ar*, ar*, ar*, ar*, &c. then 
I fay, as a: ar: : a ＋ar ar ar ar &c. : ar ar ar +art 
Jar, &c. For, axar gar? T ar + ar* ar Sar xa ar ar! + ar 
Tar. Saar Saar +aar* + aar*+aar* evidently equal. 

6. Hence we may eaſily find the Sum of any Geometric Progreſ- 
fion. For ſuppoſe G the greateſt Term, L the leaſt, and the Pro- 
portion ot the greateſt to the next leſſer, as R to 1. Suppoſe the 
Sum of the whole Progreſſion S, now ſince the Antecedent is to the 
Conſequent, as KR to 1, and the Sum of all the Antecedent, is S—L, 
and the Sum of all the Conſequents S—G, it will be R: x: :$—L 
:S—G, and therefore by the 1/# RF—RG=S—L and taking away 
Son both Sides, and adding RG, we ſhall have RSS RGI, and 
ps both Sides of the Equation by R- 1, we ſhall have S= 


K—1 ON 


1 3 4 > Exam. 1 


"Is « FP 
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Example. Suppoſe 64, 32, 16, 8, 4, 2, 1, 3, 4, and it be re- 
quired to find its 8 um. . 
Here R=2, G=64 LA, and conſequently RXG—L=127;, and. 
ſince R—1=1, therefore tlie Sum is 1274. a 

7. By this Theorem, may the Sum of any infinite Progreſſion 
decreaſing be found. For here L the laſt Term, being leſs than 
any aſſignable Quantity, may be rejected as nothing; for in this 
RG 
1 

Example. Suppoſe this decreaſing Series:, 4, , 55, 32, , F275 
Cc. infinitely continued, the whole Sum will be x, or Unity, for Rx 
Sz el, which divided by R- 1 !, makes 1 = Sum, Again, 

Suppoſe this Series 3, 5, 25, 5, Gc. infinitely continued, the 
Sum will be:; for R is 3, and G +, and therefore RxXG=3x35=1,, 
which divided by R- 1==2, makes 2, for the Sum; and univerſally, 
let any Quantity be propoſed, if I take a part thereof denominated 


Caſe it realy vaniſhes, and then the Theorem will be S 


by a, viz. and of this a part denominated by a, and ſo on infinitely, 
' whatever be the Number a, the whole Progreſſion will be a part 


denominated by a—1, that is ©. . Z L. &c. infinitely con- 
a aa aaa a 


07 ys | 
tinued . 
8. If there be two Ranks of Quantitys in Geometrical Proportion, 
their Products and Quotients ſhall likewiſe be proportional, thus, 
Suppoſe a: ar: b: br ; 


And c:cs:: d: d-. 


is equal to the Product of m Means acrsb4, and in the ſecond, the 
i 


Products of the Extreams , is equal to the Product of the Means 


arb 
658 4.4 


- 


a, ar, as, 


9. I there be two Ranks of Quantitys, 3 , f where the firſt 


to the ſecond in the upper Rank, is as the firſt to the ſecond in the 
| G under 
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under Rank, and the ſecond to the third in the upper Rank, is as the 
ſecond to the third in Sie under Rank, &c. then ſhall the firſt, to the 


lait in the upper Rank, be as the firſt to the laſt in the under Rank, 


that is, a: a b: bs evidently proportional, for axbs=asxb=aj; 


-which is called Proportion of Equality, -orderly placed. 
ro. If there be two Ranks of Quantitys op we 4 where the 
firſt to the ſecond in the upper Rank, 1s as the ſecond to the third 
in the under Rank, and the ſecond to the third in the upper Rank, 
is as · the firſt to the ſecond in the under Rank ; then ſhall the firf 
to the laſt in the upper Rank, be as the firſt to the laſt in the under 
Rank ; that is, it ſnall be as oa: a: :e0b : eb which are evidently propor- 
tional; and this is called Proportion of Equality, diſorderly placed, 
11, Proportionals which are proportional to the ſame, are pro- 
portional one to another. That 1s, 
| If it be as a: ar: :: br 
7, : And as a: ar: c: er 3 
It ſhall be as 6: br: : c: cr which are evidently proportional. 
12. If there be two Ranks of proportionals 0 8 72 „ Where 


the ſecond and third Terms in each Rank, are the ſame, the 6:6 
in the ſecond Rank, ſhall be to the firſt in the firſt Rank, as the 


fourth in the firſt Rank, to the fourth in the ſecond Rank. 


For, axd=bxc=exn (by the 1/t of the 15th.) Wherefore, axd=exn 
(by the 17 Ax.) and conſequently, e: a: :d: u (by the 2d of the 151th.) 

If four Quantitys, 4: ar: : b: br are proportional, they fhall be 
proportional. ſe", 

13. When Alternated, (which is comparing of Antecedent to Ante- 
cedent, and Conſequent to Conſequent) (which is the 16th of the 5th.) 
that is, a: b: : ar: hr. | 

For becauſe, axbr=bxar the Quantities are Proportional, (by the 
2d of the 15th.) 5 

14. When Inverted, (which is a taking the Conſequent, as the Ante- 


ceedent, and ſo comparing it with the Antecedent, as the Conſequent,) 
¶Jbich is the 4th of the 5th.) 


That is if it be a: ar: : b: by 
It ſhall be ar: a:: br: 


For 
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For becauſe, arxb=axbr the Quantitys are proportional, (by the 
2.4 of the 15th.) | 
15. When compounded (which is, when the Antecedent and Conſe- 


quent. taken both as one, are compared to the Conſequent it ſelt.) 
Which is the 18th of the 5 th.) 1 


That is, if it be a: ar: :: br 
It ſhall be @+ar : ar: : b br : br | 

For becauſe, bra bar gar xb br Sarl + arbr, the Quantitys are 
proportional (by the 2d of the 15 1b.) | a | 

16. When divided, (which is when the Exceſs, wherein the An- 
tecedent exceeds the Conſequent, is compared to the Conſequent.) Nhich 
is the 17th of the 5th;) a2 
That is, if it be a:ar: :6: br 
It ſhall be a- ar: ar: : b—br : by 

For, becauſe a ar xb arb br=arb—arbr the Quantitys are 
proportional (by the 2d of the 5th.) [58 
F 17. When Converted, (which is when the Antecedent is compared 
to the Exceſs, wherein the the Antecedent exceeds the Conſequent. 
(Which is the Cor. of the t th of the 5th.) 

That is, if it be a: ar: :6 : br 
4 It ſhall be a: a—ar: : : b—br 
For, becauſe axb—br=a—arxb=ab—abr, the Quantitys are 
proportional (by the 2d of the 15th.) 

18. When Mixed, (which is when the Sum of the Antecedent and 
Conſequent, is compared. to the Exceſs, wherein the Antecedent ex 
eeds the Conſequent,) 7 | 

That is, if it be a: ar: :6: br 
I fay, it ſhall be a+ ar: a—ar: : b Tr: b—b7 
For, becauſe a+ arxb—br=a—arxb: br, the Qantitys are pro- 
portional (by the 2d of the 15th.) | "AE 

19. Any Number of Magnitudes being taken, the Proportion of 
the firſt to the laſt, is Compound of the Proportion ot the firſt to the 
ſecond, of the ſecond to the third, of the third to the fourth, &c. 

For, Suppoſe a, ar, ar*, ar*, ar“, Oc. it is evident, that the 
Proportion of a to ar*, is Compound of a to ar, of ar to ar*, &c. 
and this alſo holds good, whither 8 Numbers be proportional or not. 

| | 3 


20, W 


of the Extreams, is equal to that of the Means. So that if I was to find 


both Sides of the Equation by a, we ſhall haye x= (by the 3d 
CE a 
Ax.) that is, tothe Product of the ſecond and third Terms divided by 


Eudclide's Elements. 
20. Of the Rule of Proportion. 


It has been ſhewa in the firſt Cor. concerning Proportion, that if 
there be four Quantitys in Geometric Proportion, that the Product 


a fourth proportional to theſe three, a, b, c, let us imagine this tburth 
Term to be x, then it will be a: 6: :c: x; theretore ax==6c, and dividing 


the firſt, which gives the Reaſon of the Rule of Three in Arithmetcc, 


Propoſition XVI. A Theorem, 
of Euclide, the It of the 6th. 


Triangles ABC,  ACD, and Parallelograms BCAE, CDFA, 
which have the ſame Heighth; are in Proportion one to the other, 


c- 


as their Baſes BC, CD, are: 
E AFP „ | 
\ Take as many as you pleaſe, BG, GH, 


SBC, and alſo DI=CD, and joyn AG, 
AH, AI, (by the 1/4 Poſt.) 


| 


M &@ el | 

Becauſe the Triangles ACB, ABG, AGH, are equal (by the 34 
cf the 7th.) and the Triangle ACD Al by the ſame, therefore the 
Triangle AC H, as oft contains the Triangle ACB, as the Baſe HC 
contains the Baſe BC ; and therefore, (by the 5th of the 15th) the 
Triangle ACH : Tri. ACB: : HC : BC. 

Again, the Triangle CAI, as oft contains the Triangle CAD, as 
the Baſe CI contains the Baſe CD, and therefore (by the 5th of the 
15th) the Tri. ACI: Tri. ACD: : CI: CD; now comparing theſe 
two Ranks of proportionals together, it will follow, (hom the 11th 
and 13th Prop. of Pro. in the 15th) that the Tri. ABC: Tri. ACD:: 
BC: CD. V. V. D. | | 

Again, becauſe (by the th of the 7th) the Parallelograms CE, CF, 
are double of the Triangles ABC, ACD. Therefore, Pgr. CE: 
Pgr. CF::BC: CD. V. V,. 

I. Hence, Triangles and Parallelograms whoſe Baſes are equal, 
are in the ſame Proportion as their Altitudes. Prop. 


— 
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Propoſition. XVII. A Theorem, 
of Euclide, the 24 of the 6th. © 


If to one Side BC, of a Triangle ABC, be drawn A 
a parallel Right Line DE, the ſame ſhall cut the | 
Sides of the Triangle proportionally. (AD : BD: : 
AE: EO) and if the Sides of the Triangle be pro- 


portionally cut, (AD: BD: : AE: EC) then a Right D E 
Line DE, connecting the Sections D, E, ſhall be 
parallel to the remaining Side Of the Triangle BC, B 2 


1. Hyp. Becauſe the Triangle DEB DEC (by the 34 of the 7th.) 
therefore ſhall the Triangle ADE: DBE: : ADE: ECD (55 the 5th of 
the 15th.) but, the Triangle ADE: DBE: : AD: DB (4y the 16th) and 
the Triangle ADE: DEC: : AE: EC (by the ſame) therefore, (by the 
11th of the 15th.) AD: DB:: AE: EC. V. IV. D. . 

2. Hyp. Becauſe AD: DB:: AE: EC therefore, (by the 16th) 
Triangle ADE: DBE: : ADE: ECD; therefore is Triangle DBE 
EC, by the 5th and 13th of the 15th.) and therefore DE, BC, are 

parallel (by the 3d of the 7th.) W. W. D | 


Scholium. 


Ik there be drawn. many Parallels to one Side of any Triangle, 
then all the Segments of the Sides ſhall be proportional; as is eaſily 
deduceable from the precedent. 
1. Hence, and from the (4th of the 2d a 

6th.) it follows, that if an Angle BAC, of a 5 
Triangle BAC, be biſected, and the Right | 

Line AD, that biſe&s the Angle cut the Baſe 

alſo, then ſhall the Segments of the Baſe have 

the lame Ratio, that the other Sides of the Tri- B D C 
angle have; that is, BD: DC:: AB: AC; and 8 
the contrary. (Nhhich is the 3d of the 6th.) 


928 | 2. Hence 
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F 2. Hence we are taught, how from a 
A © Right Line AB, to cut oft any part required, 
as a third 40, (which is the gth of the 6th.) 


Conſtr. From the Point A, draw an in- 
; finite Line AC, at pleaſure, in which er 
% 2197” hn B off any three equal parts, as AD, DE, EF, 
joyn FB, and thro' D draw DG, parallel to FB (by the 5th of the 51h) 
and AG will be the part required. 5 
For, (by the 15th of the 15th, and 17th.) 4D: AF. : AG: AB, 
W. W. D. | 


3. Hence we are taught, how to divide a Right Line given 4, 
as another Line given AC is, (which is the 10th of the 6th.) 
2H: Conſtr. Joyn the Points C, B, and from the 
N Points E, D, draw the Lines EG, DE, paral- 
DF - lel to CB, (ly the 5th of the 5th) which will cut the 
Line AB, in the Points Fand E, required; as 
A F G B is abundantly manifeſt from the precedent. 
4. Hence we are taught, how to cut a ar 4 Line given AB, in- 
to as many equal Parts as you pleaſe, ſuppoſe three. " 
2 | Conſtr. Draw an infinite Line BC, and ano- 
| ther 4D, parallel to it (by the 5th of the 5th) 
and ſet off in each of theſe equal Parts, BE, 
EF, AG, HG, in each Line leſs parts by one, 
B than are required in AB, and let the Lines 
FG, EH, be drawn, which ſnall cut the Line 
AB in I, and &, into three equal Parts; as was 
required, c. which is abundantly manifeſt, 
from the (17th and 6th of the 5th.) 
| 5. Hence and from the 16th we are 
taught, how to divide a Triangle ABC, into 
any. Number of equal Parts, (as ſuppoſe 
three) by dividing the Baſe AB into three 
equal Parts, and drawing the Lines CH, 
CG, which will divide the Triangle ac- 
cordingly. Or, as two Right Lines AE, 
Ek, by dividing the Baſe AB in G, as theſe 
£ two Right Lines, and drawing CG, and 
the thing is done. 6, Hence 
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| | E 
red 6. Hence we are taught, how from two REF, Vile 
th.) Right Lines 4B,. AD, being given, to find | IL 
| out a third DE, in proportion to them. (hich 
* is the 11th of the 6th.) A _ 
2 Joyn DB, and ſet off 4D from B to C, and draw CE parallal to 


BD; and DE is the third Proportion. For by the 175 AB: BC 
(AD): : AD: DE. W. W. D. — 

7. Hence we are taught, how from three Right Lines being gi- 
ven, DE, EF, DG, to find out a fourth Proportional GH. (Which 
is ths 12th of the 6th.) 9 — 

Corſtr. Joyn EG, by the 1ſt Poſt. and thro 
F, draw FH parallel to EG (by the 5th of the 
5th) meeting DG produced in H, then is 
GH the fourth Proportional. 


For it is evident, that DE: EF: :DG: H D< 
(by the 17th) wherefore, Cc. W. W. D. 


Propoſition. XVIII. A Theorem, 
of Euclide, the 4th of the 6th. 
F 


wo OO 77 a 


Of Equiangular or Similar Triangles ABC, 
DCE, the Sides are Proportional which are a- 
bout the equalAngles B, DCE,(AB : BC::DC A D 
: CE, &c.) and the Sides AB, DC, &c. which 
are ſubtended under the equal Angles ACB, 
E, &c. are Homologus, or of like Ratio. B C E. 


Ser the Side BC in a direct Line to the Side CE, and produce 
BA and ED till they meet. 

Becauſe the <B= ECD (by Hyp.) therefore BF, CD, are pa- 
rallel (by the 2d of the 5th) alſo, becauſe HCA CED, therefore 
are CA, EF, parallel () he ſame) therefore the Figure CAFD is a 
Parallelogram ; therefore AF=CD, AC=EFD, (by the 7th of the 5th.) 
whence it is evident (by the 17th) AB :(AF=) CD: : BC: CE there- 

| tore 
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fore (by the 13th of the 5th) AB: BC::CD:CE; alſo, Bc: CE: 
(FD - ) AC: DE, therefore (by the 1 3th of the 5th) BC: AC:: CE: En 
og ingot alſo by Equality, AB: AC:: CD: DE. Therefore, Or. 
W. W. D. 

1. Hence, AB: DC:: BC: CE: : AC: DE. 

2. Hence, if in a Triangle FBE, there be drawn AC parallel to 
one Side FE, the Triangle ABC, ſhall be like to the whole FBC. 
3. Hence, if two Triangles ABC, DCE, have one Angle B, e- 

qual to one Angle DCE, and the Sides about the equal Angles g, 
| DCE, proportional AB: BC: : DC: CE) then thoſe Triangles ABC, 
DCE, are Equiangular, and have thoſe Angles equal ; under which 
are ſubtended the Homologus Sides. (hich is the 6th of the 6th.) 

| 4. Hence we are taught, how from two 
F Right Lines being given AE, EB, to find 


EY cout a Mean Proportional EF. 
| Upon the whole Line AB as a Diame- 
8 225 ter, deſcribe a Semic ircle AFB, and from 
A 9 B E, erect a Perpendicular EF, meetin 


with the Periphery in F, then is EF the 
Mean Proportional. For let AF and BF be drawn. 

Becauſe the Angles AEF, FEB, are Right Angles (by Conftr.) 
and therefore equal, and the QA=<EFB (by the 187 of the 11th.) 
alſo < B= AFE (by the ſame) therefore, the Triangles AEF, FEB, 
are Similar; and therefore (by the 18th) AE : EF: : EF: EB ; where- 
fore EF is a Mean Proportional. (hich is the 13th and 8th of the 
6th.) W. W. D. 7 | 
| 5. Hence we are taught how to divide 
| a Triangle ABC, as two Right Lines 
C AF, EF, by a Line drawn parallel to the 


Is Side BC. 
d Conſtr. Divide the Baſe A in F, as EF 


2 — D B to AF (by the zd of the 17th) betwixt 
INDP —_— AF, AB, find a Mean Proportional 4D, 
and draw DE parallel to BC, and the 

thing is done. For 
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For by the Conſtr. AC: AE: : AB: AD: : AD: AF. Therefore, Cr. 

6. From the 4th Cor. it follows, that if a Right Line drawn in a 
Circle, from any point of the Diameter Perpendicularly, and pro- 
duced to the Circumference, is a Mean Proportional betwixt the 
two Segments of the Diameter. A 


Propoſition XIX. A Theorem, 
of Euclide, the 14th of the th. 


Equal Parallelograms, BD, BF, having D_ 
one Angle ABC, equal to one EBG, A 
have the Sides which are about the equal / 

Angles Reciprocal; (AB: BG: : EB: A 
BC) and thoſe Parallelograms BD, EF, 
which have one Angle ABC Sto one EBG, 

and the Sides which are about the equal | 
Angles Reciprocal, are equal. TIL — 

For let the Sides AB, BG, about the equal Angles, make one 
Right Line, whereſore EB, BC, ſhall do the ſame. (By the 6th of 
the 3d.) Let FG, DC, be produced till they meet. 

. 1. Hyp. AB: BG: : Pgr. BD: Pgr BH (by the 16th.) : : Pgr. BF: 
Pgr. BH (by the 1 1th of the 15th.): : BE: BC therefore, c. 

2. Hyp. Pgr. BD: Pgr. BH: : AB : BG (by the 16th) BE: BC (by 

Hip.) Per. BF: Pgr. BH; therefore, the Pgr. BD=BF (by the 5th 
* 


and 11th of the 15th.) C 

1. Hence we are taught, how upon a 6 F 
given Right Line AE, to make a Pgr. 
AEFG, equal to a given Pgr. 4BCD. PF B FE 


Conſtr. Joyn the Points E and D, and draw BG parallel to DE, 
(by the 5th of the 5th.) where this cuts AD as in &, will give the other 
Side of the Parallelogram AGFE, required to be made. 

The ſame Conſtruction holds good, if AE be leſs than AB. 


2. Hence and from the th we are HD | c 
taught, how upon a given Right Line 1 +» 
AE, to make a Parallelogram AEIH, & 
equal to a given Parallelogram ABCD, ju - 


having a given Angle HAE, H A OE. 
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1. By making the Parallelogram AEFG, equal to the given Pr. 


rallelogram ABCD, by the laſt, upon the given Line AE, and then 


making the Parallelogram AEIH=Pgr. AEFG (by the 7th)= Per 


ABCD. V. . D. | i 
3. From (the 5th of the 7th, 17th and 191%) it follows, that equal 
Triangles ABC, EBG, having one Angle ABC to one Angle EIO, 
their Sides which are about the equal Angles are Reciprocaly propoi- 
tional (AB: BG: : EB: BC) and thoſe Triangles that have one 
Angle g ABC to one EBG, and have the Sides that are about the 
equal Angles Reciprocaly proportional (AB : BG: : BE: BC) are 

equal. Which is the 15thof the 6th.) 

N 4. Hence we are taught, how to make 
a Triangle ADE=Triangle ABC, upon 


N BY ga given Right Line AD. 
Y | 5 
OY Conſtr. Joyn DC, and draw BE parallel 
£X: DN to DC (by the 5th of the 5th) where this 
A. 3 D cuts AC eas in E, draw ED, and AED is 


+» » the Triangle required. 
For the Angle A is common, and AB: AE: AD: AC (ly tt; 
15th of the 15th and 17th) wherefore, Oc. | " 


5. Hence, and from (the 10th of the 15th) we are taught, how to 


make a Triangle equal to another, having a given Baſe, and given 
Angle. | | 


6. Hence, and from (the 8th of the 7th) we are taught, how up- 
on a Right Line given, to make a Parallelogram at a Right Lined 
Angle, equal to a Triangle given. (Which x5 the 44th of the 1ſt.) and 
the contrary, Allo, Ar. 117 


7, Upon a Right Line given, to make a Parallelogram, equal to 
a Right. Lined Figure given, at a Right Lined Angle given. (hich 
is the 45th of the 1ſt.) 


In ſhort, all Problems whatſoever, relating to the Transformation 
of Planes in general, reſolved after the moſt cafic manner, by the 
help of theſe Properties. | * 
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8. If four Right Lines be proportion- 
al ( AB: FG: : EF: CB) the Rectangle 
AC, comprehended under the Extreams D- 


AF, CB, is equal to the Rectangle EG, | 
comprehended under the Means, 


: 


EG, EF, and if the Rectangle AC, 4 
comprehended under the Extreams 
AF, CB, be equal to the Rectangle 
EG, comprehended under the Means 


AY 


(which is the 16th of the 6th.) 


EG, are equal (by the 19th.) : 


71 
B E | 


Fl 
H 


* 


G 
" Sins 4 
"= 


Line given AB, viz. by making AB: EF: : FG: BC. 

10. If the ſecond and third Lines EF, EG, had been equal, the 
Re&angle EG, would have been a Square. Whence we ſee the Rea- 
ſon of the 19th of the 6th, viz. that if three Right Lines be pro- 
portional, the Rectangle made of the Extreams, is equal to the 


Square made of the Mean ; and the contrary. 
11. Hence we are taught, a more elegant 
way of demonſtrating the 35th of the 3d, viz, 
that the Rectangle made of the Segments CE, 
ED, AE, EB, of two Lines drawn within the 
Circle are equal, joyn AC and DB, and becauſe 
the Angles CEA, DEB, alſo C, B, are equal, 


the Triangles are ſimilar. Wheretore, CE: EA 


: EB: ED; wherefore, CEXED=AExXEB. 

12. In like manner, from the 10h we are 
taught, an eaſier way of demonſtrating the 36th of 
the 3d, viz. that DAXDC=—=DBg. 

For draw BA and BC, and becauſe the Angles 
A, and DBC, are equal, and <D common to 
both, therefore the Triangles BDC and ADBare 
ſimilar, wherefore AD: DB: : DB: CD; and 
conſequently, ADxDC=DBg. 


H 2 


EG, EF, then are the four Lines proportional; AB: EG:: EF: CB. 


1. Hyp. The Angles B and F are Right, and conſequently equal, 
and by Hyp. AB: FG: : EF: CB, therefore the Re&angles AC, and 


2. Hyp. The ReQangles AC, EG, are equal, and the CBF 
(by Hy.) therefore, 45: FG: : EF: CB (by the 19th.) W. W. D. 
9. Hence it is eaſy to apply a Rectangle given EG, to a Right 
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| 13. From the 3d Cor. aforegoing, we 
D ſee the Reaſon why like Triangles ABC, 


DEF, are in a duplicate Ratio, or as the 
Squares of their Homologus Sides, BC, 
EF. (Which is the 19th of the cih) 


6 F 


Make BC: EF: EF: BG; and let AG be drawn. . 

Becauſe, AB: DE:: BC: EF: : EF: BG; and the <B equal 
to the E, therefore is the Triangle ABG DEF (by the 3d of the 
19th.) but the Triangle ABC: ABG: : BC: BG ; and the Ratio of 
BC to BG Ratio ot BC to EF twice, therefore the Ratio of ABC 
to ABG, that is, of ABC to DEF=to the Ratio ot BC to EF twice. 
NV. V. D. 3 

14. Hence if three Right Lines be proportional, then as the firſt 
is to the third, ſo is a Triangle made upon the firſt, to a Triangle 
made upon the ſecond, like and alike deſcribed; and ſo is a Triangle 
deſcribed on the ſecond, to a Triangle deſcribed upon the third, 
Uke and alike deſcribed. | 

15. And ſince like Poligons may be divided into equal Triangles, 
both equal in Number, and Holomogus to the Wholes, it follows, 
that like Poligons have a duplicate Ratio one to the other ; what 
one Homologus Side of the one, has to the other Homologus Side 
'. (which is the 20th of the 6th.) 

16. Hence if there be three Right Lines proportional, then as the 
firſt is to the third, ſo is a Poligon made upon the firſt, to Poligon 
made on the ſecond ; like and alike deſcribed, or ſo is a Poligon de- 
ſcribed upon the ſecond, to a Poligon made on the third, like and 
alike deſcribed. 2 

17. By the help of this property we are taught, how to enlarge ot 
diminiſh any Right Lined Figure, in any given Ratio, For Example, 

A B Suppoſe AB, the Side of any Triangle, 
8 8 | Square, or Poligon, Regular or Irregu- 


lar, and it were required to make another Figure, as a Triangle, C. 
ſimilar to the former, and to be five times as large 

Between AB and; AB find out a Mean Proportional, (by the 4th of 
the 18th.) which ſhall be one Side of the Figure required, upon which 
it a Figure be deſcribed, like to the Figure given, the thing is done. 


18, On 
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18. On the contrary, Suppoſe it were required to make another 
Triangle, Square, c. that ſhall be but; of the given Figure, then i nd 
a Mean Proportion between the Line AB and its 3, and you hare 
the Homologus Side required; upon which if a ſimilar Figure be 
deſcribed, the thing is done. . | 

19. Hence alſo, if the Homologus Sides of like Figures be known, 
then will the Proportion of the Figures themſelves be eaſily found, 
212. by finding out a third proportional, (by the 6th of the 17th.) and 
that compared with the firſt, gives the Ratio of the Figures them- 
ſelyes. . 

20. From (the 13th and 15th of the 19th) it follows, that if four 
Right Lines be proportional, the Right Lined Figures alſo deſcribed 
upon them, being like and in like ſort ſcituated, ſhall be proportion- 
al; and the contrary, (which is the 22d of the th) 

21. Hence is deduced the manner and reaſon of multiplying Surd 

antitys. a 
* 2. Hence if a Right Line AB (See the Figure of the 4th of the 18th) 
be cut any wiſe in E, the Rectangle comprehended under the parts 
| AE, EB, is a Mean Proportional betwixt their Squares; likewiſe the 
Rectangle comprehended under the Whole AB, and one Part AE, 
or EB, is a Mean Proportional betwixt the Square of the Whole. 
AB, and the Square of the ſaid Part AE or EB. 


Propoſition XX. A Theorem, 
of Euclide, the 3 1ſt of the 6th... 


| In Right Angled Triangles BAC, 
any Figure BF deſcribed upon the Side 
= BC, ſubtending the Right Angle BAC, 
is equal to the Figures BG, AL, de- 
{cribed Lag br pe B par ph 
taining the Right e, like and a- 
like ſcituared ro the former BE. 
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Conſtr. From the Right Angle BAC, let fall the Perpendicular AT 
(by the 14th of the 2d.) Becauſe DC : CA : : CA: CB (by whe 4th o 
the 18th) therefore, AL: BF: DO: CB (by the 15th of the 19th.) 
alſo, becauſe DB: BA:: BA: BC (35 the 4th of the 18th) therefore, 
BG: BF:: DB: BC (by rhe 15th of the 19th) therefore, AL-4-BG: 
BF:: DC DB (SBC): BC; therefore, AL+BG=BF. 

| Or thus, | 

For BG: BF:: BAq: BCq (by the 20th of the 19th) and AL: 
BF: : ACq: BCq (by the ſame) wherefore, BC + AL : BF : : EAS 
+ ACq: BCq; therefore, whereas BAq-+ ACq=BCq (/ the 81h.) 
then is BG+AL=BF. V. V. D. 5 

1. Hence we are taught, how to Add or Subtract any like Figures, 
by the ſame Method as is uſed in adding and ſubtracting of Squares. 
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Of TRIGONOMETRY. 

+ 


md 


"_— 


RIGONOMETRY, is that part of Geomętry, which 
is imployed more immediately in the Meaſuring of 
Triangles. .. EE HOST 5 

A Plain Triangle, the Subject of Plain Trigoſbmetry, is a Plain 
Figure contained under three Right Lines, any two of which being 
taken together are greater than the third, that remains (See Cor. 2d. 
of Prop. 4th, Part ft.) e e ua ee | 
In every Triangle there are fix Parts, viz: three Sides and three 
Angles, any three of which being known or given, (except the three 
Angles, forthen the Proportion of the Sides one to another can wy be 
| eter- 
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determined) the other three may be readily found, which to do is 


the proper buſineſs of Trigonometry. 
And becauſe every Angle of a Triangle, is meaſured by an Arch 
of a Circle deſcribed about the angular Point as a Center, and con- 
rained between the Lines which form the Angle; and the exact Pro- 
rtion of the Radius to the Circumterence, and conſequently to any 
part thereof, being not to be expreſſed exactly by Numbers, Mathe- 
matictans have been neceſſitated to ſubſtitute certain Right Lines, 
in the room of the Arches or Angles, the Nature and Conſtruction 
of which, together with their agreement with the Arches, comes 
next to be ſhewn., 1. | 


Lines uſually applied to the Circle, are Chords, Sines, Tangents, and 


Secants. Definitions. 


1. The Radius of a Circle, is a Right Line T 


drawn from the Center to the Circumference, B G 
or. it is equal to half the Diameter, thus, CA 11 N 


S 
is the Radius of the Circle ABDEC, | | 
2. The Chord or Subtence of an Arch, is a © 
Right-Line connecting the Extremities of the D E 7 A 


Arch together, thus, SP is the Chord of the 
Arches SAP and SPP. + | | 

3. The Right Size of an Arch, and which -= 
is called the Sine ſimply, is a Right Line | 
drawn from one End or Termination of an Arch, Perpendicular to 
the Radius'drawn to the other Termination of the Arch, or its equal 
to half the Chord of twice theArch, thus,SR is the Right Sine of the 
Arches SA and SD. | M E799 

Hence it is evident, that the Radius or Semidiameter, the greateſt of all 
the Sines, is the Sine of 90.00 ; for the Sine of an Arch greater than a 
Quadrant, is leſs than the Radius. N 

4. The Verſed Sine, (by the Ancients called the Sagitta) is that 
part of the Radins, which is contained between the Sine and the 
Arch, thus RA is the Verſed Sine of the Arch SA, and RD is the 
Verſed Sine of the Arch SD. =, 

5. The Tangent of an Arch, is a Right Line drawn Perpendicu- 
larly from the end of the Diameter, paſſing to one end of the Arch, 
and limited by a Right Line drawn from the Center, thro' the other 
— of the Arch, thus AT is the Tangent ot the Arches SA and 

— 2 a 


6. The 


\ 


"4 
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6. The Scam of an Arch, is a Right Line drawn from the Cen. 
+ rer, to the Extremity of the Tangent, thus, CT is the Secant of the 
Arches SA and SD. 

7. The Difference of an Arch, from a Quadrant, whether it be 
greater or leſs than a Quadrant, is called its Complement ; BS is the 
Complement of the Arches SA, SD, whence FH 1s the Sine Comple- 
ment, or Co-Sine ot the Arch SA ; alſo BG, the Tangent Complement 
or Co-Tangent, and CG the Secant-Complement, or Co-Secant of the 
ſame Arch SA. | 

8. The Difference of an Arch from 'a Semicircle, is called its 
Supplement, Hence and from Def. the 3d, 4th, and 5th, every Arch 

+ and its Supplement, have the ſame Right Sine, Tangent, and Secaut, 
common to them both. . 

9. From Def. the 4th it is evident, that RD the Verſed Sine of the 
Arch SD, greater than a Quadrant, is greater than the Radius CD; 
but RA the Verſed Sine of the Arch SA, leſs than a Quadrant, is leſs 
than the Radius CA. e 

10. And becauſe CR, the part ot the Diameter contained between 
the Right Sine SR, and the Center C, is equal to SH, the Co-Sine of 
the Arch SA ; it is evident that the Sum and Difference of the Ra- 
dius and Co- Sine of an Arch, will give the Ferſed Sines of that Arch 
and its Supplement. 2 ; 
For, DC+CR=DR, the Verſed Sine of DS. 

And, C- (C R= RA, the Verſed Sine of AS. 
Which Arches together make a Semi- circle. 
But how to determine the length of the Sine, Tangent, Secant, Oc. 
"Correſponding to any Arch, and conſequently to every Degree, Minute, &c. 
of the Quadrant, in equal Parts of the Radius firſt given, ſhall be next 
of both Geometxscally and Arithmetically, or by Calculation. And 

rſt, - | 
Of the Geometrical Conſtruction of the Natural Sines, Tangents, 
_ Secants, Cc. 

TN Eſcribe a Semicircle, a4 cd, and divide it into two equal 

Vs parts by the Radius 6c. = 

| 2. Divide the Arch of the Quadrant a b, into nine equal parts in 
g the Points 10, 20, 30, Cc. then will each Diviſion * to 10 

| egrees 
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Degrees; and if you imagine Lines drawn from à to the ſeveral 
Points 10, 20, 30, Cc. in the Arch ab, they will be the Chords 
of their reſpective Arches, by the 2d Def. of the 1ſt Sec. and if trans- 


— ferred to the Chord Line, will form a Line of Chords; and if 
le. cach Diviſion of the Quadrant be ſub-divided into ten equal parts, 
nt and the Diſtances of the ſeveral Diviſions from the Point a, be 
he transferred to the Line ab, you will have by this means, a Line of 


Chords to every ſingle Degree. | | 
3. For the Line of Right Sines, from the Points of the ſeveral Di- 


viſions 10, 20, 30, Cc. of the Quadrant ba, draw Lines parallel to 
bc, by the 5th or 8th of the 5th, till they cut the Radius ca; fo 
ſhall c a be divided into a Line of Sines: And if, as we ſuppoſed 
before, the Arch b a be divided into go equal Parts, and from the 
ſeyeral Points of Diviſion, Lines parallel to the former be drawn, the 
Line c a will be divided into a Line of Sines, anſwering to every ſingle 
Degree of the Quadrant, by the 3d Def. of the 1ſt. Set. which muſt 
be numbred from c towards 4. | 
4. If the ſame Line of 3 Sines be numbred from à towards c, 
you will have a Line of Verſed Sines, bythe 4th Def. of the 1/2 Sec. 
which may be continued to 180 Degrees, if the ſame Diviſions be 
transferred on the other ſide ot the Center c. | 
5. From a, the extream Point of the Diameter, raiſe the Perpen- 
dicular at: and from the Center c, thro? the ſeveral Diviſions of the 
Quadrant ab, draw Lines till they cut the Tangent at; ſo will the 
Line a t become a Line of Tangents, by Def. the 5th of Sc. the 
1/t, which muſt be numbred from a towards :. | 
6. If inſtead of laying the Ruler from c, the Center, you lay it from 
d to the ſeveral Diviſions of the Quadrant ab, and obſerve where it 
cuts the Line c, and there make Marks, the Line c will become 
a Line of Semj-Tangents, by Prop. the 11th, and Def. the 515 of 
Sethe it. n „ | 
7. And becauſe Lines drawn from the C enter, thro" the ſeveral 
Diviſions of the „ f ab, to form the Tangents, are the Secants 
of the reſpective Arches by the 6th Def. of the 1/8 Se. Ifitheir 
Lengths be transferred to the Line'c b, continued to 5, the Line c 7 
will be the Line ot Secants ; which/maſt be numbred from c towards 4. 
After tde Tame manner may the Chords, Sines, Tangents and Se- 
cants to eyery Minute of the Quadrant, be conſtructed, if the Circle 
will admit of it, ox to any particular Are-on .. hoe 
e | 1 Again 
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Again, if the ſeveral "Diviſions, of the Line ab in Ng. the 1, be 
transferred to the Line C in- Eg. the 2d; alſo the Diviſions of WY 
the Tangent Line as in Hg. the 1ſt, to Line T in Fig. the 24. 
In like manner, the Diviſions of the other Lines of Right and Verſed 
Sines and Secants in Fig. che 10. to Fig. the 2d, you will have the In- 
ſtrument formed, called the Plain Scale ; and ſince we are ſpeaking of 
this: Inſtrument, it may not be amils to ſhew the Conſtruction of a- 
nother Line uſed in Sailing, called R#1bs, which is as follows: 
3-4 5 | Divide 
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Divide the Quadrant 44 in Fig. the 1ſt, into eight equal parts in 
the Points 1, 2, 3, Cc. and ſetting one Foot of the Compaſſes in the 
Point d, transfer the ſeveral Diſtances di, da, dz, from the Arch 46 
to the Line 4b; ſo will you have formed Lines ot Rumbs, each 
of which anſwer to 11 15', which may be transferred to the Line R 
in Ng. the 24 To theſe may be added a Line of equal Parts, and 
then the Scale will be compleat. 

Now if the Numbers anſwering to the Lengths of the ſeveral Sines, 
Tangents, and Secants proper to the ſeveral Arches of the Quadrant, 
in equal parts of the Radius, be ſet down in a Table, each in its 
proper Column; you will by this means, have a Triangular Canon 
of Numbers, by which the ſeveral Caſes of Trigonometrymay be done ; 
but theſe being not accurate enough for Arithmetical Calculations, 
it is therefore abſolutely neceſſary, that the Lengths of thoſe right 
Lines (eſpecially ſuch as are uſed in the Calculation of Triangles) be 
determined to greater Accuracy in Numbers to an aſſigned Racks; 
which to do, ſhall be ſhewn at large in the next Sefton; . 8 


A * — A 


S E C'T:7 IE 


Containing Methods for Calculating the Tubles of Natural 
Sines, Tangents, and Secants. 


O NE End propoſed in this Treatiſe, being to gratiſie both the 
Theoretical and Practical Reader, I have determined with my 
ſelf to put this Part in a Section by it ſelf, that ſo the Practica ! Reader 
who will content himſelf with bare Rules only, may paſs it over, and 
haſten to the actual Solution of the ſeveral Caſes in Plain Trigonome- 
try, contained in the 4th and 5th Sections; whilſt the Inquiſitive and 
== intelligent Reader, may indulge himſelf in the Contemplation, and 
= bccome a perfect Maſter of the Grounds and Reaſons of one of 
we woſt uſeful Branches of the Mathematicks. 


; | | Prob. 1 8 


The Sine SR fan Arch SA, being gi ber e 8 
ol its Complement SB. " | bh da, W find SH, the Sine 


—_—. 


* 


I 2 Becauſe 


AC: 2C N:: (AS g) AN: 28R :: AN: SR, it will be AN: 
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, Becauſe (by the 8h Prop.) CSqRq-+CRq, CSq—SRq=CRg 
(by the 24 Ax) therefore, \// C$q—SRq=CR (by the 34 of the 8th) 
SSH (by the 7th of the 5th.) which was to be found. That is, if 
from the Square of the Radius, be taken the Square of the Right 
Sine, the Square Root of the Remainder will be the Co-Sine fe- 


quired. | 
| Prob. II. 


The Sine SR, of an Arch SA being given, 
to 4 AN, or SN, the Sine of half the 
Ar | 47 | 


The Sine SR being given, CR the Co- 
Sine may be found (by the 1ſt Prob.) which 
taken from CA the Radius, leaves RA the 
Veried Sine of the ſame Arch, but SAq 
—$SRq-+RAgq, (by the 8th Theo of Part. if.) 


therefore, (by the 3d Cor. of the ſame) \/SRq+RAq=SA= 2S$N= 
2 AN, therefore half SA=SN=NA. 


Prob. III. 


The Sine AN, of an Arch AQ being given, to find SR the Sine 
of AS, the double of the Arch AQ. | 5 

The Sine AN being given, the Co-Sine CN may be found {by the 
1ſt Problem.) and becauſe the Triangles ACN and ASR are fimilar, 
(tor the Angles N and R are Right, and Angle A common, there- 
fore the Angles S and C are equal) it will be (by the 18th Theo.) as 
CA: CN: :(AS=)2AN : SR; that is, as the Radius, to the Co- 
Sine, ſo is the double Sine, to the Sine of twice the Arch required. 


— Cor. | 1 
Becauſe, CA: CN :: AS: SR, therefore AC: 2CN :: AS: 28R, 
that is, the Radius is to twice the Co- ſine of half the Arch, as the 
Chord of the Arch to the Chord of twice the Arch; alſo, becauſe 


SR :: half AC : CN, that is, as AN the Sine of any Arch A, 
is to SR the Sine of the double Arch AS; fo is half the Radius to 


N the Co- Sine of the Arch firſt given: ; The 


— 


Trigonometry: 61 
P rob. IV. | 


The Sines Q D and SH, of two Arches 
AQ and Qs, being given, to find SF the 
Sine of SA, the Sum of the Arches. 

The Sines 2D and SH, being given, their 
Co- ſines CD and CH, are alſo given (by the 
1/2.) and becauſe the T riangles COD and 
CHE are ſim ilar, it will be C :: CH 

: HE=PG ; again, becauſe the Triangles * Wh 
COD and SHG, are ſimilar (for Angles D and F E DA 
G are Right) and Angle Q CPF GHH HS; therefore, An- 
gles S and C are _ it will be CQ: CD: SH: SG; therefore, 
FG + S which was to be found. 


Prob. V. 


The Sines SF and QD, of two Arches SA and QA being given, 
to find SH the Sine of SQ, the difference of the Arches. _ 

The Sines QD and SF bein ng given, their Co- ſines CD and CF 
may be — (by the 1/8.) a becauſe the Triangles COD, CPE, 
are fimilar, it will be CD: D:: CF: FP; but” SF—FP= SP. 
Again, becauſe the Triangles cb and SHP ape ſimilar (for the 
Angles D and SHP, are right, and Angle = PF=SPH ; there 
fore, Angle & and C are equal) it will. be CQ: CD: : PS (before. 
found) : SH, the Sine of Q regnifed. ' | 


5 Prob. VI. 


The Sine DK of any Arch DB, leſs than 12 
30 deg. added to DS, the Sine ot its Defect E 
DE, multiplied by the 3 will give FH, 
the Sine of FB, or of an Arch as much ex- 
ceeding 30 oy as the former Arch DB | 
wanted of 30 deg: + | TVS 

Let BE bs an PM of zo deg. BD any e of 
Arch leſs than BE, then will ED be the Arch 
of Defect; make EF=ED, and BF will be 3 Q 4 


an Arch as much excceding BE the Arch 


ght 
re- 


a S 


H 


67 Trigonometry, 
of zo deg. as BD wanted of 30 deg. Becauſe the Angles O and G 
of the Triangles FOD and 1GD are right, and the Angle D common, 
therefore the Angle F=Angle I (by the 2d of the 6th.) = Angle ( 
(by the 51h.) =30 deg. by Conſtruction ; therefore DO = half DF 
s, and becauſe F0q:= FDq—DOg, therefore FOq=4DGq— 
Dogg; Dog, therefore FO=GDx\/ 3 ; again, becauſe DX SON 
there ore EH O KD=KD+DGx\/ 3. | 
Hence the Sines to 30 deg. being found, the Sine to Co deg. ate 
had by the Addition of the Defect multiplied by the \/ 3, for the 
Sine of 40 deg. is equal to the Sine of 20 deg. added to the Sine 
of 10 deg. multiplied by the \/3=1.73 050807. 


Prob. VII. 


The Sine EQ of any Arch AF, leſs than o deg. added to 
FG the Sine of the Arch FE it's Defe&, will give DP, the Sine of 
the Arch DA, as much exceeding AE the Arch of 60 deg. as the 
| Arch AF wanted of 60 degrees. | 
For becauſe EG=DG=DO, and FQ =PO0, therefore DP=D0 
AOP FUL thatis, DP=FG + EQ. ' 

Hence the Sines to 60 Degrees being known, the Sines to go De- 
grees may be had by the Addition ot thoſe already found, for the 
Sine of 40 Degrees added to the Sine of 20, will give the Sine of 
80 Degrees. | | 

Hence it is abundantly manifeſt, that the Sine of any one Arch in 
the Quadrant being known, the reſt may eaſily be found ; for if the 
Sine of one Minute were given, the Sine of two Minutes may be 
found by the 3d Prob. the Sine of three Minutes by the 4th Prob. &c. 
and their Co-Sines by the 1ſt. &c. 

- How therefore the Sine of one Minute, or of any ſmaller Arch in 
equal parts of the Radius firſt given, may be found, comes next to 
be ſhewn. | 

The ancient Method, and which is very eaſy to be underſtood, 
was to find continually the Sine of the half Arch. For the Sine of 
30 Degrees being equal to half the Radius, the Sine of 15 Degrees 
may be obtained by the 2d Prob. and thence the Sine of 7* 3o', the 
half Arch by the ſame, and ſo on continually, till the Sine of the 
Arch laſt found, its Tangent, and conſequently the Length of the 
Arch it ſelf, were expreſſed by the ſame Decimal Part of 1 

ä | | ius. 


% 
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dius. The Number of which Operations were more or leſs, accord- 
ing to the Number of equal Parts the Radius was ſuppoſed to be 
divided into. J 
T And that in very ſmall Arches, the Sines 

and Tangents of the ſame Arches, are ve- 
ry nearly in a Ratio of Equality, may be 
thus demon'trared. 

Let SR be the Sine, and AT the Tan- 


45 $ 
| \ gent of any Arch, ſuppoſe AS. 


| 


Becauſe the Triangles CRS and CAT are 
ſimilar, it will be as CR: CA:: RS: AT; 
15 RT A but the nearer the Point S approaches to A, 
or the ſmaller the Arch SA, the leſſer will be the Verſed Sine RA, till 
at laſt the Point S returning to 4, ths Verſed Sine RA vaniſhes in 
reſpe& to the Arch 4S: wherefore, CR becomes nearly equal to CA, 
and conſequently SR the Right Sine, will be nearly equal to A7 
the Tangent. r 

Again, ſince the Arch is leſs than the Tangent, but greater than 
the Sine, and becauſe the Sines and Tangents ot infinitely ſmall Arches 
are nearly equal, the Arch it ſelf will be nearly equal to the Sine or 
Tangent; and conſequently in infinitely {mall Arches, the Arches 
will be to each other, as their Correſpondent Sines, ; 

To Compute therefore, fro m the Sine of 30 Degrees firſt given, 
the Sines of the Half Arches by the help of the 24 Prob, the Operation 
muſt be repeated till a Sine be found, that ſhall be equal to half the 
former, which. to-make a Table of Sines to ten places, will require 
twelve Repetitions, or till rhe Sine of 52”, 44 o 45 
be tound; which being 0002.556634, it will be, 

As the. Arch of 52, 44 „ 03 „ 45 „ to the Arch of 1 Min. 
ſo is the Sine laſt found 0002. 5 566.3 4, to 0062.9088.82 the Sine 
of 1 Minute required. | | 2 tor Ag 
The Trouble and Difficulty attending the Repetition of theſe 
Operations, ariſing from the great and frequent Involutions, and 
Extractions of Roots of very large Numbers, (as any one will ſoon be 
ſenſible of, ho will try but two or three Operations) has put Man- 
kind upon contriving eaſier and ſhorter ways of attaining the End, 
as well to Examine the Tables already made, and carry them on to 
greater Degrees of Exactneſs if required , as to convey this uſeful 
Knowledge to Poſterity, with greater Eaſe and Certainty; and a- 

\ 2 * mong 


Arch, and conſequently of the Chord) and that Length multiplyed 
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mong the teſt, the eaſy way of inveſtigating the Proportion of the 
Circumference of the Circle to its Diameter, with much preater 
Exactneſs and infinitely leſs Trouble than the Ancients could do, has 
not a little contributed to it. | 

For the Ratio or Proport on, of the Circumference of the Circle 
to its Diameter, being known or given, the Length of any Arch in 
equal Parts of the Radius firſt given, is eaſily had, thus if it were 
required to find the Length of the Arch of x Minute, the Propor- 
tion will be as 21600 the Minutes in the whole Circumference, is to 
1 Minute, fo is the Lengch of the Circumference in equal parts of the 
Radius, to the Length of che Arch of x Minute in the ſame parts, 

The Ancient Way of finding the Length of the Circumference, in 
equal Parts of the Radius, firſt Invented by Archimedies, and al- 
rerwards Improv'd by the Doctrine of Angular Sections, was to find 
the Length of the Chord of a ſmall Arch of the Periphery, which 
being taken for the Length of the Arch it ſelf, that multiplyed by 
the Number denominating what part of the Circumference it was, 
gave the Length of the Circumference it felt. 

Thus in the laſt Example, the Sine of 52“ 44”, 03", 45", be- 
ing taken for the Length of the Arch (for it was there ſhewn, that the 
ſame Number expreſſed nearly the Length of the Tangent of the 
by 24576; the number of times the Arch of 52” 07”, Cc. is con- 
tained in the Circumference, will give the Length of the Circumfe- 
rence, in the ſame parts the Radius or Diameter was ſuppoſed to be 
divided into. * eee | 

But ſince the new invented Methods for the Rectification of Curves, 
by the help of the infinite Series, much more eaſy, certain and di- 
rect Methods have been diſcovered for the Quadrature of the Circle, 
to any poſſible Degree of Exactneſs required; aswill evidently appear 
from what follows. 18 | e 

B Let C be the Center of a Circle, CA=CS 
. =1 the Radius, 4 d any Arch thereof, 
| Ss its Right Sine, then will Cr the Co- 


Sine, be equal to VII by the 2d Prob. : 


Let CMbe another Radius of the Circle, 
» 1 infinitely near to CS, then will -My=s be 
C1), the Fluxien of the Sine S, and the infinite- 
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ſy ſmall Arch MS=a, the Fluxion of the Arch AS. And becauſe the 

Triangles.CSr and Mrs are ſimilar, it will be Cr: CS:: Mz * that 
1 


is Nn: 112243 wherefore, 42 j — the Fluxion of the 


Arch AS; that is, if the Fluxion of the Right Sine be divided by 
the Square Root of x—5s, the integral or flowing Quantity of the 
Quotient, will be the Arch ir ſelf. 

The principal End of this Section, being to convey this Knowledge 
in the eaſieſt manner poſſible, and ſo as that it may be underſtood by 
Youths, and Perſons of a middle Capacity. Inſtead of Extracting the 
Root of 1 by the help of the Binomial Series, and multipl ying 
that Root by s, I ſhall find the Value of a, by the Simple Laws tor 
Extraction of Roots and Diviſion of Algebra, which tho? it be a 
little redious, yet it will ſufficiently Recompence the pains of the 
Practitioner, by letting him into the Reaſon of every ſtep he takes, 
and opening a way for him to purſue the Knowledge ot the infinite 


Series farther. | 


The Square Root of 15 may be found after the following man- 
ner, by che help of the Rules delivered for Extracting of Roots. 


8 / T | 
1012 —a5t—75*1315*, Oc. 
I 
2=—7s5? )= 55 
— + Et 
2==FF—xL E 
| — ee i 
1 
| l . 
watt ,, 5 + 77s? 


£.8 
— 745 


— — 


— 


4 


| The Square Root of 1—ss, being _ EY Cc. if the 
Fluxion of &, be divided by this Root, we ſhall have the Flzxion 
of the Arch SA, the Operation - follows. | | 


1 


. 
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; . 4 0 5. 5 wh 

1 1-115 Of.) 1 ( 4 ＋ 35*5F 14665 
. Tc. 
ier 2 

24 STS SF 558 SWC 

- Eo gas *5—I75 *% Oc 

＋ x5*s 85's, Te. 


as? 


b+ , Cc. 


This laſt Quotient 4 ef, Cr. is equal to 4 the 
Fluxion of the Arch, its integral or flowing Quantity equal to 5+ 


#53 4435 +5425" Te. 


Wherefore, a=s + 88 ＋. 27 1422 5 Oc. | 
Or, N XI,; + Deen, 
- | 2X3 2X3X4X5 2XZX4XFXG6X?7 
Or, ee, en 
2X 2X4X5 2X4X6X7 1M 
Hence the Length of any Sine or Ordinate in the Circle being given, 
the correſponding Arch may be readily found. 


Let it be required to find the Length of the Arch of 30 Degrees 
to 10 Places, of Decimals, the Radius being ſuppoſed 1. 


Becauſe the Radius is equal to the Side of the Hexagon inſcribed 
in the Circle, or Chord of 60 Degrees, therefore its half or the Sine 
of 3o Degrees, will be 3=s. Wherefore, becauſe an f 5 
Cc. If the ſeveral odd Powers of 5=3, be multiply d by 1,2, 48, Ce. 
the Sum of the Products will be the Length of the Arch. 


Now becauſe 5=3, tis evident its Square is 2, its Cube 3, &c. 
and becauſe to divide by 4 and multiply by +5 is the ſame, if .5=] be 
. continually divided by 4, and the ſeveral Quotients multiply'd by 

I.z, 43, Cc. the Sum of the laſt Products will be the Length of the 
Arch, asmay be ſeen by the following Example, 


* 
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s = $000,0000.000 » — — doo 000.000 
5 13250. oo. 000 its 4 — — 208.3 333.333 ＋ 
5 312.50. % 4 ——— 23.4375. ooo 
s' 178.1250. 00 112 —ů—— 3.477... 
gs 19 5312.50 134, — 15933-974— 
s = — 4.8828.125 2316 — 09. 
$'I= — 1.2207.03I- 1331 —ĩ;ẽĩ— 211.826— 
$5 = — .3051.758 12354 — — 42.6177 
375 ——. 762.939 112 —— 88+ 
38—ꝛ.ñ . te e. 1.863— 
5321 .— 47.684 37382, O's, —————— 400 
*. — — 118 9385149 Oc, — 92 7 874+ 
3235 —— 2.980 33, Ce. — — 19+ 
8˙— — 745 391590, Of. ——— 4+ 
i 3235.877559 


Whence the Length of the Arch of 3o deg. is . 5235. 9877.55 ＋ 
in ſuch Parts as the Radius 1.0000.0000 00. Now, if this Arch be 
multiplied by 6, we ſhall have the Length of the Arch of the Se- 
micircle in ſuch Parts as the Radius is 1, or of the whole Circum- 


ference in ſuch Parts as the Diameter is 1. 


Example. 
5235. 9877555 


3.1415.9265.35.4 


Whence, if the Diameter of a Circle be put equal to 1, the 
Circumference will be 3.1415926535+ more than ſufficiently ex- 
act, for any Uſes to which it is generally applied and capable of 
raiſing a Table of Sines, c. to 15 Places of Decimals. 

The Semi-periphery in ſuch Parts as the Radius is 1, or the whole 
Circumference in ſuch Parts as the Radius is 2, or Diametet x, may 
be directly inveſtigated; if inſtead of multiplying «5 by the ſeveral 
Powers ot S, and the ſeveral Products by 1-7, &c. we multiply 6x. , 3 
=3. by the ſeveral Powers of S, and the ſeveral Products by x5, &c. 
a5 in the following Example. 


K 2 | | 5. 
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a E IL I p 
3.0000,0000,00=—— . 3 ooo 0000.00; 


+7500 0000 00 its F—— 1250 0000.00 
1875 0000.00 - 43 ——-— 140 6250 o 
468.75 00.,%ü .. 20 9263.39 


117.1875 00 — — 3. 5603.84 - 
29 2968 75 — — 561 4 + 
73 777 
1 8310 55— — — — 255.70 
r 5 2.88— 
286.10 =» — — 2.40 
Mi: — 32+ 
17.88 -|- . ——_ - co a. 1 
11 __m SC 3— 
1.12— —— — — cow —1— 
3.1415. 9265.35 


Agreeing exactly with the former 


If it were required to find the Circumference to 5 Places in De- 
cimals only, which is exact enough for all common Uſes, and ſuffi- 
cient to form a Table of Sines, Oc. to 7 Places, the Operation 
will be wonderful eaſy, and may be performed in a very few Minutes, 
as the following Example will ſhew. 


3.00000 3,00000 
75000 F 12500 
18750, Cc. 1406 

4687 209+ 
117— —— 36— 
; 293— * 


73 — 1 


8 3.14132 
Agrecing exactly with the former. 


To pronounce the Proportion of the Circumference to the Di- 
- ameter by the ancient Methods to that degree of exactneſs, as is 
done by the 2 firſt Examples was in a manner altogether Impracti- 
cable; and to obtain it to 5 Places, as in the 3d Example, (which 
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may be performed in 5 or 6 Minutes at the moſt) by the help of the 
2d Prob. would require 12 Repetitions of that Problem to a Radius 
of 10000.0000.00, which alone is an Inſtance what vaſt Advantage 
Arithmetical Calculation receives from the Modern Algebra, as now- 
Improved, and in things of ſo great Benefit. | | 

Now, If the Semi-Circumference 3.1415926535+ in ſuch Parts 
as the Radius is 1, be divided by 10800 the Minutes in a Semicircle, 
the Quotient .00029.0888 208665 -+ vill be the Length of the Arch 
of 1 Minute exact to 15 places. 

Again, It the Root of the infinite Equation 5+ 5s*, Cc. be Ex- 
tracted, we ſhall have the Value of s expreſſed in the terms of a, 


and conſequently a dire& Method for finding the Sine of any Arch, 
| its Length being firſt given. | 
| If a=5+2363 +,45%+;445), Ce. 


Then, Sa- ga Tri 4 +, Cc. 


. — fb a', Ce. 
2X3 2X3JX4X5 2XZX4X5X6X7 
For put Aa f BAA Ca, Oc. , | 
Thenwill 35f= ＋ 4a? zA Ba, Ce. 95 
And, 487 ＋. 3A a, Cc. 


And conſequently Aa a, and 4=1, alſo B+ ;4*=0,andB=—7 43 
-. Alſo, C+i4*B+,tA4A*=o. And C=—14* B—. 2 A -I 
—— 8 12 —40=Þ 1353 wherefore A=1, B=—;, CS XA. 
Cc. and conſequently a- , Cc. W.W.D. 

Wherefore, If 2 be put for the Length of any Arch, the Right 

Sine will be a- 64 ra , &c- © 
Let it therefore be required to find the Sine of one Minute, to 
10 places, from the Length of the Arch before found, =0002.9083. 
$:0+=a, now becauſe in Cubeing of this Quantity you will have 9 
Cypbers before the firſt Significant Figure which is 2, therefore the 
Series vaniſhes, and 0002.9088.82 is the Sine required. 

Hence it is manifeſt, that to a Radius of 1.0000.0000.00, the 
Right Sine, the Arch and conſequently the Chord of x Minute are 
equal in as much as each are expreſſed by the ſame Number. 
Again, Let it be required to find the Natural Sine of 10 Degrees 
to 10 places, þ 

The 


Ld 
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The Length of the Arch of 1 Min. 0002. 9088 2808.66 
this multiply'd by the Min. in 10 Deg. - —— 500 
Gives the Length of the Arch of 10 Degrees: : 1745.3292.5 196 
Wherefore put a= — — 7 — DRLNY 292.51. 
Then will — 32 ernment . 
And — ... 176468. 
1 ——— d= — ＋134.96.0 
And. a— 14 P14 ſth: 1736.4817.86.z 
Again > 2 


1736.48 17.76.) 


—ͤ Eäĩ—VSꝗ —ä— 


And — 284 —; 32482 = 


Wherefore becauſe the next Term, and conſequently all the other 
Terms in the Series vaniſhes, S=r736.4817,76 = Sine of 10 De- 


grees. N ; 
I ſhall give another Example for the Sine of 20 Degrees. 

The Arch of 20 Degrees=a= ————3490.6585.03.9 

— 4 = —— 7087, 

1 5 3419-7708.115 

| 1254) = — — 443 18.725 

1 3420. 2026. 840 

E A * — 12.527 

7” I | 3420-2014.3 I3 

| Þ+ ,7337530%= — --21 


The Natural Sine of 20 Degrees: —— 3420.2014-334 


The difficulty attending the Raiſing the ſeveral Powers of the Arch 

a, according to the common Rules of Multiplycation, is enough to 
| ſhock the Practitioner, and make him conclude that the putting of 
theſe Series in Practice in ſome Caſes, is in a manner impoſſible; 
but if he will only Invert the Order of Figures in the Multiplier, 
as in the following Example, he will find the Work wonderful Eaſy. 
Let 


2 8.  . —_ 
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Let it be rquired to raiſe the ſeveral Powers requiſite to find the 
Sine of 10 Degrees, from the Length of the Arch of 10 Degrees 


equal to 17453 292.519. | L 
1745.3 292.5 19 — 0304.6174-197= a* 
nen 9152.9235.471=a 

| 1745-3292.519 | 0304 6174.197 
1221.7304.763 213.2321.938 
69.813 1. 700 12.1846. 968 
8.7266. 462 1.5230 871 
5235-998 913.852 
349.066 60.923 
3-491 F 609 
872 152 
16 2 

03046. 1741. 973 0053 1.65 76.93. O0 


— — —— — — — 


0053.165 7.693 =a* —— — 001.6195. 219g ＋½ 


914.7164.039.—=a* 4.7 164.030=a* 
15.9497.308 .4858.566 
2126 630 64-731 
318.994 9.717 
5.317 162 
3.721 | . 113 
212 | "6 

5 — 2 — 

8 00000. 493 3.34.5 

000 16. 195 2.19.12 


The Number of Significant Figures after the next Repitition, or 
of the gth Power amounting but to five, viz. 15027, and this being 
to be divided by 362880 the Uncia of the gth Power, ſhews that that 
Term and conſequently all the reſt vaniſh, and the Series kerminates. 

Every 


. w ³˙·¹m Q ——ů > 2 = — 


„2 ·ð*ẽð 


his way above the common way is very Obvious, for as by the com- 
mon way, the number of Figures in the Product are increaſed after 


the Right Sine aa , &c. the ſquare Root of the Re. 


TY 
= 
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Every Figure of the ſeveral Powers of a are true except the laſt, and 
therefore in every Operation, the Practitioner muſt take one Figure 
more than the Number of Places he deſigns to Calculate to. 

Beſides the benifite of ha ing to do with no more Figures ofthe 
Power than are requiſite, the vaſt Advantage of railing of Powers by 


every Repitition by as many Figures nearly, as are equal to thoſe in 
the Multiplier or Root; till at laſt the Operation becomes almolt Im- 
practicable So here on the contrary, the Number of ſignificant Figure: 
continually decreaſe after every Involution, till at laſt the Operation 
vanithes, and ſhews where the Series terminates. Is 

The Sine of any Arch being given, its Co-Sine may be obtained 
by the 2d Problem. | 7 

By the ſame Problem may the Series for finding the Co-Sine, di- 
realy from the Arch it ſelf, be Inveſtigated. 

For if from the Square of the Radius=1, be taken the Square of 


mainder will be the Co-Sine, =1—2za*-F, ja*--, 4, &c. thus, 


Sa- za ＋ zo, &c. 
aa Eis, &c. 
— ans: jw — — 

a*—za* 15, &C. 
8 Cdn 
ta- Ez za“, &c. 
e Tita“, &c. 


| ; 1=0*—tat +4? a", &c. which taken from the * 
Square of the Radius 1, leaves 144 ja*—,}a*, &c. the Square 
Root of which will be the Co-Sine. 


I 7 a4 4⁴ x46 &c, (I=-30% ＋4144—51240, &c. 
3 if 


2— me 1414, &c. 
r 


24, &c. — 2. Kc. 
15 — Fra“, &e. 


— 


— — 


r 
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Wherefore, Putting C for the Co-line, 
C=1— a +atat— C re, „ &c. 
I 


23 a 
Or S D TN IX2X3 + * 


45, &C, 


Let it be required to find the Sine of 89 deg. 59 min. from the Arch 
of x min. = -0002, 9088.82. 


From — ä.— — 1 oooo.oooo. oo 
Take 14 E een 4.23 
Remains the Sine 89 deg; 59 min. 99999995 2 


Let it be required to find the Co-ſ ine of ro Degrees, or Sine of 
o Degrees, from the Arch of to Degrees =1 745<3292-5 1:9=a. 


From -1.0000.0000.000 
Take aa == — — 2.52.3087. 098 

9847.69 12.902 

Add 244k ¶ĩ—ͤ — 3866.3 24 

= 9848.0779.226 

Take 4852. —— * = 3926 
The Natural Sine of 80 5 — 5848. 9775-39.0 


Let it be required to find the Co-ſine of 20 Degrees, or Sine of - 
70 Degrees, from the Arch of 20 Degrees = 3490.6585.039.=a 


From -. — — 1.0000.0000.000 
Take Laa = FF 
| 9390.7651.605 
Add 21:88 . 1861.18 
| 9396.9512.786 
Take , 530% 22ͤ ĩ—.üüß„: — — 251-253 
| £ | 9396.9261.533 
Add 40 20 3 + 546 
, 92396. 9262 — 
Whence the Sine of 70 Degrees or Co- ſine of 20 Degrees is is 
9396.9262;08 L he 


EE — " 


— — v — rr — 
6 4 - — — a - —_ 
- 


The Sines of 20 and 80 being found, the Sine of 40 may be hag 
by the 7th Prob. for, | yo” 


From the Sine of 80 Degrees =- 9848.0775.300 
Take the Sine of 20 Degrees: = 3420.2014.33.4 
Remains the Sine of 40 Degrees 6427.8760. 96 6 


» 


| Again, if = 
From the Sine of 70 Negrees=,——— 93 96.926 2,079 
Be taken the Sine of 10 Degrees: 1736.481 7.76. 
| of Wh . eee, eee 
There remains the Sine of 50 Degrees: 7660. 4444312 


— 


Hence the Sine of 1 Minute is ooo. 9088.82 ＋- of 10 Degrees, 
1736.4187.76 ＋ ; of 20 Degrees, 3420. 20 14.33; of zo Degrees, 
5000.0000.00-; of 40 Degrees, 6427.8760,96-- ; of 50 Degrees, 
7660. 4444.31; of 60 Degrees, 8660. 2540.38; of 70 Degrees, 
9396. 9262.08; of 80 Degrees, 9848.0775. 30; of 89 Degrees 
59 Minutes, 9999. 9995.77; of 90 Degrees, 1.0000.0000.00. 


In all the Examples hitherto given, the Sines have been Calculated 
to 10 Places, but if it be required to carry them to 7 Places only, 
which is as far as the Tables in uſe generally extend, one half of the 
Labour would be _— FE n 

Again, becauſe the ius leſſene the Co- ſine, gi 
Verted.lne of the ſame Arch. : ago 
Tf from 1 be taken 1a -r -, &c. there will remain 
2aa—,4a*+5334f%, &c. rhe Series for finding the Verſed-ſine from 
the Arch firſt given. "Ip | 

Alſo, becauſe the Radius added to the Co-ſine, gives the Verſed- 
fine of the Supplement, therefore, if to 1 be added 1-14. ＋L- 44 
T4345, &c. the Sum 2—$a*4-,4a*%—+3-45, Nc. will be the Series 
for finding the Verſed-ſine of the Supplement from the Arch fitſt 
gwen. be 


But 
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But to find the Sines, &c. of the intermediate Arches to every 
Minute or part of a Minute if required, the following Theorem will 
yery much contribute. 


In a Rank of Equidiffering Arches, ſuch q_+ , 
as g, CI, gx, Oc. the Sine of any Arch t 4 
in that Rank as o (ſuppoſe of 20 deg.) will ty 1 
be to the Sum of the Sines of any two X* 
Arches, equally remote from it on each, viz. „ al 
#4+p (ſuppoſe of 10 and 30) as the Sine d 
of any other Arch in the ſame Rank x (fup- | * 
pole of 30 deg.) to the Sum of the Sines of | | 
two Arches next to it on each Side, viz. F "we 8 
mo (ſuppoſe of 20 and 40 deg.) having 
the ſame common Difference, and this holds good whether the Pro- 
portion be continued or diſcontinued. 


In order to prove which, it is neceſſary to premiſe the following 


Lemma. 


If any Arch of the Circumference as ABD, 
be biſected in the Point B, and from any © 


Point in the Periphery without the Arch as A 
C, the Chords or Subtences CA, CB and CD, 

be drawn, CD being produced till BP be e- B 
qual to CB, I ſay the external Segment DP of D 


the Line CP, will be equal to CZ. 


Conſtruction, Let the Lines AB and BD | 
be drawn. P 


Dem. Becauſe the Angle ACB=BCP (by the 1/t of the 1 1th )=CPB, 
5 = 5 2 2d, and 3d of the 1 1th.) and the Side 
CB= y Conſtruftion, ore CA=DP (by the 8th of the 2g. 
W.W.D. Whence it follows, (9 * 


L 2 That 
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| Ik̃ bat if from any Point C, in 
= 3 the Circumference of a Circle, 
| any number of equal Parts be 
IC ſer off from C to A, to B, to D, 
il K to E, &c, and the ſeveral Chords 
| i by or Subtences CA, CB, CD, CE, 
| &c. be drawn, CD being pro- 

| duced till BX be equal to CB, 

1 alſo CE till DL be equal to CD, 


E 


I fay it follows, that C ſhall 
be equal to CA+CD, alſo CL 
M —=CE+CB, &c. and becauſe 
the ſeveral Triangles CBR, 
CDL, CEM are ſimilar, it will 

N 6 


CB: (CX CAT CD:: CD: (CL=) CB HCE. Or, 

CB: (CX) CA-|CD: :CF: (CN=) CE-|CH, &c. 

That is in a Rank of Equidiffering Arches, the Chord of any 
Arch in that Rank, is to the Sum of the Chords of any two Arches 
equally remote from it on each Side, as the Chord of any other 
Arch in the ſame Rank, to the Sum of the Chords of two other 
Archs next to it on each Side, having the ſame common Difference 
whether the Progreſſion be continued or interrupted. 

And ſince the Chords are the double Sines of half the Arches 
they ſubrend, and that the Halves have the ſame Proportion as their 
Wholes, it follows, 30 | 


Thar in a Rank of Equidiffering Arches, the Sine of any Arch in 
that Rank will be, Cc. W. W. D. 
Now if the Radius or Sine of 90 Degrees, be taken for the Sine 
of the Middle of three Equidiffering Arches, it will be, 
As the Radius, to twice the Sine of one of the Arches, or as 
half the Radius, to the Sine of one of the Arches, ſo is the Sine of 


any other Arch, to the Sum of the Sines of two Arches equally re- 
mote. | 


Hence 
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Hence the Sine of 89 Degrees 39 Minutes being known or given, 
it will be, | | 
A As the Radius, to the Sum of the Sines'of go Degrees o1 Minute, 
and 89 Degrees 59 Minutes, or which is the ſame thing, to twice 
the Sine of 89 Degrees 59 Minutes; ſo is the Sine of 89 Degrees 
59 Minutes, to the Sum of the Sines of 90 Degrees oo Minutes, and 
89 Degrees 58 Minutes, from which taking the Radius or Sine of 
go Degrees oo Minutes, the Remainder will be the Sine of 89 De- 
grees 58 Minutes; and ſo is the Sine of 89 Degrees 58 Minutes, to 
the Sum of the Sines of 89 Degrees 59 Minutes, and 89 Degrees 
57 Minutes, from which taking away the Sine of 89 Degrees 59 Mi- 
nutes Dany found, there will remain the Sine of 89 Degrees 57 Mi- 
nutes, c. | 

Again, from the Sine and Co-ſine of 1 Minute the whole Cannon 
may be formed, beginning ar one Minute. 

As the Radius, to twice the Sine of 1 Minute, fo is the Sine of 
1 Minute, to the Sine of 2 Minutes; and fo is the Sine of 2 Mi- 
nutes, to the Sum of the Sines of x and 3 Min. from which taking 
away the Sine of 1 Minute, there will remain the Sine of 3 Minutes, 


How troubleſome ſoever this Method may appear, yet if it be well 
conſidered, it will be found very eaſy; for in every Proportion, the 
firſt Term being the Radius, or 1 with Cyphers, there is no need of 
Diviſion : and ſince the ſecond Term remains the ſame, if the ſeveral 
Multiples of it by the 9 Digits be made at firſt, and ſet down in a 
Table orderly, the whole Cannon may be formed by Addition and 
Subſtraction only. . _ | r 2 
The Sine of the Arch of Difference of three Equidiffering Arches 
being known, the Sine of two Arches equally diſtant from any other 
Arch given, may be found by the two following Proportions, which 
naturally low from the General 'Theorem. | 
1, As the Radius, is to the Co- ſine ot the Arch of Difference, ſo 
is the Sine of the middle Arch, to half the Sum of the Sincs ot the 
Extream Arches. 2 P 

2. As the Radius, is to the Sine of the Arch of Difference, ſo is 
the Co-fine ot the middle Arch, to the half Difference of the Sines 
of the faid Extream Arches. -- | 

Now the half Difference added to the half Sum, gives the Sine of 
the Greater, but ſubtracted leaves the Sine of the Leſſer: O 


the 
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the whole Difference added to the Sine of the Leſſer, gives the Sine 
of the Greater, or ſubtracted from the Sine of the Greater, leaves 
the Sine of the Leſſer. | | 
Whence the Sum and Difference of the Products, made by the 
Sine of the Mean Arch and Co-fine of the Arch of Difference, alſo 
the Co- ſine of the middle Arch, and the Sine of the Arch of Diff. 
rence divided by the Radius, gives the greater and leſſer of the Sines 
of the two Extream Arches ; whence the Interpolation of Sines in 
the Quadrant is eaſy. | | 
The Sines being thus obtained, the Tangents and Secants are caſily 


had 


* For becauſe the Triangles CRS, CAT, 


| are ſimilar, it will be, 
| . As CR the Co- ſine, to RS the Right- 
— | ſine ; ſo is CA the Radius, to AT the 


Wherefore, becauſe the Radius is ſup- 
poſed Unity, the Quotient of the Right- 
ſine divided by the Co-ſine, will give the 
Tangent of the ſame Arch. 


Hence the Tangent Series is eaſily found, for if a— 6a Na, 
&c. the Right Sine be divided by 1 —taat ,4a*, &c. the Co-ſine, 
the Quotient aa Ti, &c. will be the Tangent, as in the 


I ty 


6 — U R A 


following Example. 


1 -Haa , &c.) a— 2 Tria, &c.(a T 34 4a 5 &c. 
s a—7a 3 ++.,405 „ Ne. 


4 — 


Tia, ba, &Cc. 


all. — 


+ 55a 3 &c. 


— 


Me... 05 Wt 


—_— 


Hence if a'be put tor the Length of any Arch, the Correſpon- 
dent Tangent will be a+4a' a- EIA Ta +544 % 
Þ+ 23777574 , KC. | SAY Again 
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Again, becauſe the Triangles ACT, GBC, are fimilar, it will be 
as AT the Tangent, to AC the Radius; ſo is CB the Radius, to BG 
the Co-tangent. 

Hence the Radius is a Mean Proportional, between the Tangent 
and Co-tangent of an Arch, wherefore becauſe the Radius is 1. 
If i be divided by the Tangent Series, viz aT3a*T;5a', &c. 


I 2 1 


8 . BEES Os Ae! 8 
the Quotient, —; 24 ot oy 5575 
will be the Series for finding the Co- tangent, from the Arch firſt 
iven. 
, Again, becauſe the Triangles CRS, CAT, are ſimilar, it will be 
as CR the Co- ſine, to CS the Radius, fo is CA the Radius, to Cl 
the Secaut. 

Hence the Radius is a Mean Proportional, between the Secant 
and Co- ſine of an Arch. 7 3 

Wherefore if 1 be divided by 1—3a* Ta -, Cc. (the 
Series for the Co-ſine) the Quotient 1-+ 3a* Exiat++$3a5 + 335% 
4 ＋ 82388 , &c. will be a Series for finding the Secant, from 
the Length of the Arch firſt given. 

Again, becauſe the Triangles RCS, CBG, are ſimilar, it will be 
as RS the Right Sine, to SC the Radius ; So is CB the Radius, to 
CG the Secant of the Complement. 

Hence the Radius is a Mean Proportional, between the Right- 


fine and Co-ſecant of an Arch. Wherefore, if 1 be divided by a— 
44 CEA, &c. the Series for the Right- ſine, the Quotient g 4 


iO EJ H- Tea rf , &c. will be the Se- 
ries for the Co- ſecant of the ſame Arch 

I have omitted the inveſtigation of the three laſt Series, as alſo the 
application of the Tangent, Secant, &c, Series to the actual finding 
the Length of the Tangent, Cc. from the Arch it ſelf for brevity 
2 it being very Eaſy to any one who underſtands what went 

re. 

By Extracting the Root of the ſeveral infinite Series, for finding 
the Verſed-ſine, Tangent, Cc. from the Arch firſt given, we ſhall 
_ ſo many different Series for finding the Length of the Cir- 
cumterence. | 


a*, &c. 


o 


But 
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But amongſt all, none is ſo eaſy to be retained in the Memory, 

and ſo readily put in Practice, as that for finding the Length of the 

Circumference from the Tangent firlt given; as will evidently appear 
from the Example. ä 


If aT JA Tra 1a, &c. 
Then a 2-1 41 ＋zt', &ct 
For put a=At+ Br + Ct', &c, < 
Then will a ++ A? Bt), ke = 
And Ha'= ＋ 41, &c. 
And conſequently, At t, and A=1 ; alſo, B++4'=0, 
And B= -A ==; allo, C A BT 400. 
And C=4* B-;54'=$4—, =. 
Wherefore, A=1, B=—3, C, &c. 
And conſequently, att +5t*, &c. 


Now the Radius being Unity, the Sine of 30 Degrees ; and 
conſequently the Co-ſine=y 1—+ N (by the 3/4 Prob.) and becauſe 
the Co- ſine is to the Right-ſine, as the Radius to the Tangent; it 
will be, /4: V4: : 1: ½, the Tangent of 3o Degrees :; whence 
: n, wherefore, if the Root of ; be divided continually by 3, and 
the ſeveral Quotients again by all the odd Numbers ſucceſſively, 
viz the firſt by the three, the ſecond by five, c. the Sum of all 
rheſe laſt Quotients (regard being had to the Negative and Poſitive 
Terms) will give the Arch of 30 Degrees. 

And becauſe the Arch of 30 Degrees is & part of the Semi-Cir- 
cumference, if inſtead of 7 be taken 6y3=y/*£=y12, we ſhall 
have the Semi-Circumference in ſuch Parts as the Radius is Unity; 
or the whole Circumference the Diameter being Unity, as will 
appear from the following Example: | g 


The 
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The Square Root of 12 is 3.464 1·0161.5 1. 


„ 3.4641 0161.51 —— ＋3.4641.0161.51＋ 
2 1.1547.0053%q— E £:... —0,3849.0017.95— 
2 8 .0017-95— AZ> w—769.8003-59— 
« i76J o 9 g 222 4 — 183.2858.00— 
. 477 6668.86 + EYE 447571854 — 
"Ta , | 6.22+ 828 — 12. 9596.02 ＋ 
—Ww 8 
SE 5 5.2798 38— Ss. . 3105 79— 
SZ 1:7599.46— 5.8 0 —926.29— 
e 282 6— 
2 wm 3866 40— 8 82 ＋ 279-3 
S 16534 OR —$5.02+ 
8 8 | | 822 + 26.07 ＋ 
88 651.83 ＋ SE 28 * 
cz 217.28— ESY. — 8.05 — 
>= 72:43, 28 12 22 
3 2414 BSE. > nn] Omer 
2 5714 — 5 . + 24+ 
98 8 * 22 
2. 89 835 + 2+ 


+3 5462.331721 
| —4046,4051 86 


— — 


3-1415:9265-35-. 


The Impoſſibility of expreſſing the exact Proportion of the Diame- 
ter of aCircle, to its Circumſerence by any received way of Notation, 
and the abſolute neceflity of/as near a Quadrature as pſſi oble, it be- 
ing the very Baſit upon which the uſeful Branches of. the Mathematics 
in general are founded; has pur the moſt Celebrated Men in all 
Ages upon endeavouring to approximate as near as may be to the 
Truth, and after the famous Fan Ceulen who carried it to 32 Deci-- 
mal Places, which he ordered to be Engraven on his Tomb-Stone, - 
thiaking he had ſet Bounds to farther Improvements, the firſt that 


Harp, who by. a double Computation, viz. from the Sine of 6 De- 


way, carried it to twice the Number of Places that Van Ceulen had + 
| M | | done, . 


attempred it with Succeſs was the moſt Indefatigable Mr. Abrabam 


grees one way, and from the Sine and Co-ſine of 12 Degrees another 


* 


G. . ms [01d 
A: Vl - 
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done, viz. 72, and ſent it to me in a Letter in the Year 1704, which 
Letter I communicated at that time to the Royal Society, who ac- 
cording to their wonted and generous way of giving due Encoutage- 
ment to every thing that tends to the Improvement of uſeful Know- 
ledge were pleaſed to favour it with their Approbation. 

Burt the Letter being not yet printed, and mention being made in 
Mr. Sherwin's Mathematical Tables Page 55, publiſhed in the Year 
1706, of a Quadrature of the Circle done by Mr. Abraham Sharp 
to 72 Places from the Tangent of 30 Degrees after the Manner 
taught in the former Page, and it being there inſinuated as if the 
Compendium of that Method had firſt put him upon it; I look up- 


2 Aon it as a Piece of Juſtice due to that incomparable Maſter of 
„ 


neces > 


he. - e Performances, and from whom Mankind may till expect more 


the Circle, and of ſuch Superficies and Solids as depend upon it. 


Numbers, who has ſo highly obliged the World by his Mathemati- 


valuable Things that way, to inform the Reader that the Quadra- 
ture there ſpoken of was done to gratify a certain Gentleman, and 
was noother than a Confirmation of two other Quadratures that he 
had dove ſome Years before, as Dr. Halley and myſelf can teſtify. 

The above-mentioned Quadrature of Mr. Abraham Sharp is as 
—_ _ — — | | 

It the Diameter be 1.000000, Cc. the Circumterence will be 
3.141592.653589.793238-462643.383279-502884 197169 397375 
105820 974944 592307.816405-2+. TS 

And fince that time our common Mathematical Friend the moſt. 
ingenious Mr. Jom Machin, the preſent Profeſſor of Aſtronomy in 
Greſham College, and Secretary to the Royal Society, by a difercnt 


Method of Computation, has carry'd it to 100 Places, almoſt triple. 


the Number of Places that Van Ceulen had done, and ſhewn us 
that if the Diameter be 10000, Cc. the Circumference will be 
3.14159. 26535: 89793.23845. 26433 83279 50288. 41971-69399, 
37519 58209. 74944. 59230. 8164 05 286. 20899. 86280 34825. 
34211. 70679. , of the ſame Parts | a be eh 

Which is a Degree of Exactneſs far ſurpaſſing all Imagination, the 
former Quadrature being more than ſufficient to Calculare the Num- 
ber of Grains of Sand that may be comprehended within the Sphere 
of the Fixed Stars. | n ©. 

I believe it will not be. nnacceprable to the Reader, if before I 
conclude this Section, I ſhew how the Length of the Circumference 
in equal Parts of the Radius, may be applied ro the Menſuration of 


It 


35 Deer 
w, — were the-NumbereobeBlacesthe » 
done WK. 72, which he ſent to me in a Letter, in the Year 1704 ; 
which Etter being Communicated to the Royal Society, at their re- 
queſt Dr. Halley promiſed to ſee it Printed in the Philoſophical Tran- 
ſactions; but as yet by what Means I know not, it has never ſeen the 
Light. 47 

1 deed mention is made by Dr. Halley, in Mr. Sherwin's Mathema- 
tical Tales, publiſhed in the Year 1706, of a Quadrature of the Cir- 
cle, done by Mr. Abraham Sharp, to 72 Places, from the Tangent 
of zo Degrees; after the manner taught in the former Page as if the 
compendium of that Method had put him upon it; when in reality 
Mr. Sharp did that at the deſire of Dr. Halley,” and it was no other 
than a tripe Computation of the ſame Quadrature ; or rather a Con- 
firmation of what he had done ſome Years before, as Dr. Halley very 
well knew. * | FER | 

This I mention, as a piece of Juſtice due from my ſelf, to that in- 
comparable Maſter ot Numbers, for his free and generous Commu- 
nication of it to me; having no other way left at preſent to make 
him amends, for the long, if not intire Suppreſſion of his Letter. 

The above mentioned Quadrature of Mr.Abr. Sharp. is as follows 
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It has been already determined, that if the Diameter of any Cir- 
cle conſiſt of 1.00000.00000, the Circumference will be 3.14159 
.26536— of the ſame Parts; and ſince all Circles are ſimilar Figures, 
it will be (by the 18th.) 


1. As 1, to 3. 14159.26536—, fo is the Diameter of a Circle, 
to its Circumference. Wherefore, it the Diameter of any Circle be 
multiplied by 3.14159.26536—, the Product will be the Length of 
the Circumference in the ſame Parts. 


2. As . 314159 26536 — to 1, or as 1, to 31830. 98862 —, ſo 
is the Circumference of à Circle, to its Diameter. Wherefore, if 
the Circumference of any Circle be divided by 3.14159. 26536 —, or 
mulriplied by its Reciprocal . 3 1830. 98862 , the former Quotient 
or the latter Product, will give the Diameter. 


3. In the Circle BEGH, put BG=4d, 06 E 
r, then will d=ar. Let A ſtand for the Ares, 8 N 


and c for the Circumference, and ſuppoſe the B 


H \ 
OFG, this therefore multiplied by the whole 
Circumference c, that is, putting c in the room of x, we ſhall have 
8 A, equal to the intire Area of the Circle. 


4. Hence the Area of any Circle is found, by multiplying half 
the Circumference by half the Diameter or Radius 


F c 7C 4 
1 . 4 


5- Hence and (from the 6th of the 7th) every Circle is equal to a 
Triangle whoſe Baſe is equal to the Circumference, and Perpendicu- 
lar Height the Ragius. 


ference, be as n to m. we 


M 2 Then 


- 
Arch Fx, to be infinitely ſmall, then will 1 
be the Area of the infinitely ſmall Sector 0 


6. Again, Let the Proportion of the Diameter to the Circum- 


— — — — — 
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Then as : : d = its Circumference. 


| dd md mad | 
Wherefore, 2 * — === =4, the Area. 
Wherefore, u: m:: dd: A. 


7. And ſince d may ſtand for the Diameter of any Circle, it fol- 
lows, that Circles are to each other, as the Squares of their reſpectiye 
Diameters. ; | 

8. Hence as 4 times the Diameter, to the Circumference; ſo is 
the Square of the Diameter, to the Area. Wherefore, 

9. As 4, to 3.14159.26536—, or as 1, to .78539.81634—; ſo 
is the Square of the Diameter of any Circle, to its Area. Wherefore, 
if the Square of the Diameter of any Circle be multiplied by 
.78539.81634—, the Product will be the Content. | 

And becauſe dd rr, it will be, as au: m:: 4rr : A. Therefore, 
as n: M:: rr: A. 18 | | 
* Hence Circles are to each other, as the Squares of their Ra- 

li. | 
11. Hence as the Diameter ofa Circle, is to its Circumference, ſo 
is the Square of the Radius, to the Area. Wherefore, | 

As 1, to 3.14159.26536—, ſo is the Square of the Radius, to the 
Area of the ſame Circle. | | | 

12. Wherefore, if the Square of the Radius of any Circle be mul- 
tiplied by 3:14159.26536—, the Produc will be the Area, 

Again, as m : #::6: . d the Diameter. 
C ac Acc 


Wherefore, 19 a — +, - oy 


Therefore, am: n: cc: A. 


13. Hence Circles are to each other, as the Squares of their Pe- 
ripherys or Circumferences. | | 
14. Hence as 4 times the Circumference, to the Diameter, ſo is 
the Square of the Circumference, to the Area. That is, 
- As 12.5663 7.06 144—, to 1, or as 1 to .07957.74715 ; ſo is the 


Square of the Periphery of any Circle, to its Area. Wherefore, io 
the 
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the Square of the Periphery be divided by 12.56637.06144—, or 
multiplied by .0795 7.74715, the former Quotient or the latter Pro- 
duct, will give the Content. | 

15. Let AB be the tranſverſe Diameter of 
the Elipfs AFBG, FG its conjugate Diameter, 
ADBE the Circumſcribing Circle. 


Becauſe in the Circle ACxCB: APxPB: : 
CDq : PNq ; and in the Elipſes, ACxCB : AP K 
xPB: : CFq: PMq, it will be, CD: CF :: PN 2E | 
PM; or as (EDS) AB: FG::NR: MQ; but all the NRs 
make the Circle, and the ſame number of M make the Elip/is- 
Hence (by the 5th of the 15th.) as AB to FG, or as the Longeſt Dia- 
meter of the Elipſis to its ſhorteſt, ſo is the Area of the Circumſcri- 
bing Circle, to the Area of the Inſcribed Elip/is. That is, as AB: 
FG: : Area of the Circle, to the Area of the Elffis. Wherefore, 
as (ABxAB - )ABq: ABxFG : : Circles Area, to the Eliptical Area. 

16, Hence as the Circle is to its Circumſcribed Square, or to the 
Square of its Diameter; ſo is the Elip/fs, to its Circumſcribing Pa- 
rallelogram, or to the Rectangle of its Diameters. | | 

17. Hence the Quadrature of the Elipſit, depends upon the Qua- 
drature of the Circle. 

18. Hence alſo, the Area of any Segment ot the Elip/is, is to the 
Area of the Correſpondent Circular Segment, as the ſhorteſt Diame- 
ter of the Elipſis to the longeſt. 

19. Hence as 4, to 3.14159+26536—, or as 1 to .78539.81634, 
ſo is the Product of the Diameters of the Elip/is, to its Area. Where- 
fore, if the Product of the Diameters of an Elipſis be multiplyed by 
.78539.81634, the laſt Product will give its Area 

20. How the Area'or Superficial Content of any Right-Lined 
Superficies may be found, has been taught in the 7th Prop. of the 
. whence we may learn how to find the Superficies of any 

rim, | 
21. For ſince each Face of a Priſm is a Parallelogram, the .Sum 
of the ſeveral Faces will be che whole Surface. FA 

Hence the Surface of every Priſm is equal to a Parallelopram, 
whoſe Baſe is the Perimeter of the Priſm, and Height equal to 
the Priſm's Altitude: wherefore, if the Perimeter of any Priſm be 
multiplied by the Altitude, the Product will give the Superficial 
Content. | 22. Again, 
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22. Again, ſince the Face of every Pyramid is a Triangle, the 
Surface of every Pyramid is equal to a Triangle, whoſe Bale is equal 
to the Perimeter of the Priſm, and Height equal to the Height of 
the Priſm ; wherefore, half the Product of the Pyramid's Circumfe- 
rence multiplyed into its Height, is equal to its Superficial Content, 


23. Hence it is evident, that the Superficies of a Pyramid, is to 


- 


the Superficics of the Circumſcribing Priſm, as 1 to 2. 


24. Again, ſince every Surface of a Cylinder, is generated by the 
Motion of one Side of a Parallelogram, the other Side remaining 
fixed as an Axis, it follows, that every Cylindrical Surface is equal to 
a Parallelogram, whoſe Baſe is equal to the Cylindrical Circumference, 
and Height equal to the Height of the Cylinder, Hence, 


25. As t, to 3.14159,26536—;, fo is the Diameter of any Cylinder 
multiplyed by the Height, to the Superficies of the Cy/inder. Where. 
fore, if the Product of the Heiglit of the Cylinder into the Diameter, 
be multiplyed by 3.14159.265 z36—, the Product will give the Su- 
perficies ot the Cylinder. 


26. It the Height of the Cylinder be equal to the Diameter, then 
will its Superficies be quadruple of the Area of the Baſe, tor the Area of 


the Baſe 1 2 and the Superficies of the Cylinder acr 4. 


27. Again, ſince the Surface of every Right-Cone is generated by 
the revolution of the Hypothenuſe of a Right Angled Plain Trian- 
le, the Perpendicular remaining fixed as an Axis, it follows, that 
every Conical Surface is equal to a Triangle, whoſe Baſe is equal to 
the Circumference of the Baſe of the Cone, and Height equal to the 
Side of the Cone or Line, reaching from the Baſe to the Apex. Where- 
fore, half the Product of the Baſe of the Cone, multiplyed into the Side, 
is equal to the Superficial Content of the ſame Cone. 


28. Whercfore, as 1 to 3.1415 9.265 36, ſo is half the Product of 
the Diameter of the Baſe of the Cone, multiplyed into the Side, to 
the Superficics of the ſame Cone. | 


29. Hence it is'manifeſt, that the Superſicies of every Cone, is half 
the Superficies of the Circumſcribing Cylinder. p a 
| | 30. It 


w — e 


Trigoometry. 87 | 


30. If the Semicircle ABD, be turned 56 
about upon its Diameter AD as an Axis, MA 
the Semi-Periphery ABD, will deſcribe the X 
Surface of a Sphere ; and each Point as M, 2 
will deſcribe the Circumference of a Cir A ppc D 


cle, whoſe Radius will be MP, the Right- 
fine of the Arch AM. Put AP=x, IM, AC=r, and the whole 


CY . 
Circumference Sc, then as r:c: : y : © theCircumference generated 


by the Point M. Let mM be an infinitely ſmall Arch, and draw mp 
parallel to MP, then will MR Dx, and becauſe the Triangles CMP 
and MmR are ſimilar, it will be (PM=) y): (CM). r: : MR=x 


Mun this multiplyed by 4 the Circumference formed by the 


cyrx 5 
Point M, will give 5 er the Area of the Increment formed by 


Mm, this multiplyed by ar, or which is the ſame thing, putting zr in 
the room of x, will give 2cr for the intire Surface of the Sphere; 
for when Mm becomes equal to ABD, x becomes equal to 27. 

31. Hence it is manifeſt, that the Surface of the Sphere is equal 
to 4 times the Area of the greateſt Circle, for 2cr the Surface of the 


Sphere, is equal to 4 times S the Area of the greateſt Circle. 


It has been already proved in Art. 6, that x: M:: dd: Arca of 
the Circle. Therefore, as n: m:: dd: Surface of the Sphere; that is, as 
the Diameter of any Circle, is to its Circumference, ſo is the Square 
of the ſame Diameter, to the Surface of the generated Sphere. 

32. Wherefore, as 1, to 3.14159.26536—, ſo is the Square of 
the Diameter of a Sphere, to its Superficies. 

Hence the Square of the Diameter being multiplyed by 3.14159 
26536—, or the Square of the Radius by 12.56637.06144, the 
Produ& will be the Superficial Content. {4 | 

33. Again, becauſe (by Art. f 2.) 4m :#:: cc to the Circles Area. 

herefore, as m: n:: cc to the Superficies of the Sphere; that is, 

As 3.14159.26536, to 1, or as 1, to .31830.98862, ſo is the 
Square of the Circumference of the Sphere, to its Superficies. Where- 
fore, if the Square of the Periphery be divided by 3.14159, Cc. or 


multi- 
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multiplyed by 3 1830, Cc. the former Quotient or the latter Produ8 
will give the Content. | 

34. Hence and from the 26th Art. the Surface of any Globe and 
its Circumſcribing Cylinder are equal, as being each quadruple of the 
greateſt inſcribed Circle, ; | 

35. Hence it follows, that the Surface of any Portion of a Sphere 
cut by a Plane or Planes, as MP 1s to the intire Surface of the Sphere, 
as the part of the Axis AP cut off by the Plane or Planes, to the 
whole Diameter of the Sphere AD. - Whence it is Eaſy to find the 
Surface of a Portion of a Sphere if the Correſpondent: Portion of the 
Diameter be known, and conſequently the Portion of the Surface of 
a Sphere cut by two parallel Planes, 

36. Hence alſo, the Portion of any Surface of the Sphere contain- 
ed between any two Great Circles, is to the intire Surface of the 

Sphere, as the Angle of Inclination of the two Great Circles, to the 
intire Circumference, or four Right Angles. | 

37 From Art. the 34th and 35th, it follows, that the Correſpon- 
dent Surfaces of the Globe and its Circumſcribing Cylinder, cut off 
by parallel Planes, are equal. 

38 Again, ſince every Solid Priſm or Parallilepepedon, is generated 
by the uniform Motion of a Plane Surface, and may therefore 
be conſidered as compoſed of an infinite number of Plane Surfaces, 
equal and ſimilar to each other, and conſequently to the Baſe ; its 
Solidity will be found by multiplying the Area or Superficies of the 
Baſe, into the Perpendicular Height, or Sum of the Component 
3 1 0 
39 Hence the Solidity of a Cylinder, (which is formed by the Re- 
volution of a Parallelogram about one Side, remaining fixed as an 
Axis) is found by multiplying the Area of the Circular Baſe, by its 
Height or Altitude; putting therefore r for the Radius of the Baſe, 


. . « * era 
c for the Circumference, and a for the Altitude, we ſhall have 85 


=Solidity. . | 
But if the Altitude be equal to the Diameter, then the Solidity 


: CY 
Will be” X2Y7=crr. 


ut it has already been ſhewn in the th Art. that, as t, to .78539 


81634 , ſo is the Square of the Diameter of any Circle, to its nom 
| 2 | ere- 


o 
z 
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Wherefore, as 1, to 78539.81634—, ſo is the Square of the Dia- 
meter of the Baſe ot the Cylinder multiplyed into its Height, to its 
Solid Content. | | 
41- Becauſe by the 11th Art. as 1 to 3.14159.265 36—, ſo is the 
Square of the Radius, to the Arca of the Circle; it will be, as 1, 
to 3.14159.26536—, ſo is the Square of the Radius of the Baſe of 
the Cylinder, multiplyed into the Height, to the Solid Content. 
42 Again, becauſe by the 14th Art. the Square ot the Ciccumfe- 
rence of any Circle is to its Arca, as to 1 to 07957,74715, there- 
fore, as 1 to 07957.74715, ſo is the Square of the Circum{crence 
of any Olinder, multiplyed by its Altitude, to its Solidity. 
43. Let ABDC be a Coe, formed by the Revo- * A 
lution of the Triangle ABC, about the Side AC, 
remaining fixed as an Axis; it is manifeſt, that 
every Line as MP, drawn parallel to BC, will de- 
ſcribe a Circle, of which that formed by BC will be 
the greateſt, and that the Sum of all theſe Rees 
will be the whole Cone. Put CD=r, AC=a, an 
the Circumference formed by the Point B=c, ESR” 


AP=x, and MP); then, as r: c:: 7 — the Circumference of 
pes 


. 4 . * 4 
the Circle formed by the Point M, this multiplyed by >. gives 2 
the Area of the Circle it ſelf ; this multiplyed again by * Pp, will 
give yo the Conical Increment. Again, becauſe of the Similar 
Triangles APM, AC B, it will be, x:y ::a:r ; Wherefore, * 


2 * 2 putting this therefore in the room of * in the for- 


-. pe 0 ; 
mer Equation we ſhall have == for the Conical Increment, 


and conſequently dor the Value of the Cone, deſcribed by 


*6rr | 
APM; and conſequently = for the whole Cone ; for when 
x becomes equal to a, y becomes equal to r. | 

N | But 


90 OO Trigonometry. 
But when the Height of the Cone is equal to the Diameter of the 
Baſe, then the Solidity will beg * = . 


44. Hence it follows, that every Cone is 3 of the circumſcribin 
Cylinder, having the ſame Baſe and Altitude; for the Solidity of the 


Cylinder by Article the 39th was © this multiplyed by J, gives © 
Hinder by Article the 39th was this multiplyed by 3, gives - 


the Solidity of the inſcribed Cone. 


45. Hence and from Arr. the 4oth, as 1 to 78539-81634 or a8 
I, to. 26179. 93 878, ſo is the Square of the Diameter of the Baſe 
of the Coue, multiplyed by its Altitude, to the Solid Content. 


46. Again, from Art. the 4775 as 1 to 2425220530 or as 1, to 


1.047 19.755 12, ſo is the Square of the Radius of the Conical Baſe, 
multiplyed into its Altitude, to its Solidity. 

47. Alſo, from Art. the 42d it follows, as 1, to 3 of. 7957. 74715, 
or as 1, .02652.58238—; ſo is the Square of the Periphery of the 
Baſe of the Cone, multiplyed into its Altitude, to its Solid Content. 

48. By reaſoning after tlie ſame manner as in the 43d Art. it will 
appear, that every Pyramid is 3 of the circumſcribing Priſm, and 
conſequeptly the Solidity of the circumſcribing Priſm being found by 
Art. the 38th, the Solidy of the Pyramid is had by taking off its; 

art. | 
5 49. As a Sphere may be conſidered as a Polhedron of an infinite 
number of Surfates ; and that each of theſe Surfaces are the Baſes of 
ſo many Pyramids, which have for their common Vertex the Center 
of the Sphere, and for their common Altitude the Radius of the 
ſame Sphere; it follows, that if the Surface of the Sphere equal-to2cr 
(by Art. the 39th) be multiplyed by 3 of er the common Altitude, 


the Product 5 will be the Solidity of the ſame Sphere. 


50: Hence it follows, that the Sphere is + of the circumſcribing 
Cylinder, tor the Solidity o' the Cylinder whoſe Height is equal to 
the Diameter of its Baſe, is err by Art. the 39th ; that multiplyed 


by 3. gives,” the Solidity of the inſcribed Sphere, 


r e 


51. Hence 
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51. Hence the Clobe is double to the Cone, having for its Baſe a 
great Circle of the Sphere, and for its Height the Diameter; tor the 


5 Solidity of ſuch a Cone is N by Art. the 44th, this multiplyed by 


i gires for the Solidity of the Sphere. 

52. Hence it follows, that the Cylinder, the Sphere, and the Cone, 
having the ſame Height and Diameter, are as the Numbers 3, 2, 1. 

53. Whence the Cone is equal to the Exceſs of the Cylinder, above 
the Globe. | 

54. Hence alſo it is evident, that the Sphers is to the Cube of its 
Diameter, as + of its Circumference, is to four times its Diameter; 
for * crx:8x7r::3C:87 ; and conſequently the Sphere is to 4 of 
the Cube of its Diameter, as the Circumference, is to 4 times its 
Diameter. | | 

55. Hence and from Art. the 51 and 45th, it will be, as 1, to 
52359-87756, 10 is the Cube of the Diameter of any Sphere, to its 
Solid Content, . 

56. Alſo, from Art. the 5197, and 46th it follows, that as 1, 
to 4.18879.02048, ſo is the Cube of the Radius of any Sphere, to its 
Solid Content. : 

Again, from Are. the 51ſt and 47th it will be, as 1, to :01688 
168639, ſo is the Cube of the Circumference of any Sphere, to its 
Solid Content. 

57. Conceive the adjacent Figure to be 
turned about upon its Axis AB, then will 
the Semicircle ADB generate a Sphere, 
whoſe Diameter is AB, and the Semi- 

Elipſis AMFB will generate a Spheroid, 
whoſe longeſt Diameter is AB, and ſhort- 
eſt FF; and crety Ordinate in the Circle 
asPN, will generate a Circle, whoſe Di- 
ameter is NN, while the correſpondent 


Ordinate in the ont arty a Circle, 
whoſe Diameter is MM ; and theſe Circles being to each other as 


the Square of NN to the Square of MM, (by the 6th Art.) and the 
Square of NN being to the Square of MM, as the Square of DD, 
to the Square of FF; (by the 15th Art.) it follows, (by the 5th of the 


N 2 15th 
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r5th) that all the Circles generated by PN, will be to the like num- 
ber of Circles generated by PM, as the Square of DD, to the 
Square of FF; but all the Circles ſormed by the Revolution of PN, 
make the Sphere and the like number of Circles formed by the Re- 
volution of PM, make the Spheroid ; wherefore, the Sphere is to 
the Spheroid, as the Square of DD, to the Square of EF; or as the 
Square of the longeſt Diameter of the Spheriod, to the Square of the 
ſhorteſt. es ror 55 

. 58, Hence the Spheroid is to its circumſcribing Cylinder, as the 
Sphere to its circumſcribing Cylinder; but the Sphere is; of its cir- 
cumſcribing Cylinder, (by Art. the 50th) therefore, the Spheroid 
is 3 of its circumſcribing Cylinder, | 


59. Hence and from Art. the 45th it follows, that as 1, to 52359, 
87756, ſo is the Square of the ſhorteſt Diameter of the Spheroid, 
multiplyed into the longeſt, to the Solid Content, 


- 60. Again, from Art. the 46th it follows, that as 1, to 2.09439 
5 1024, ſo is the Square of the Semi-conjugate Diameter, multiplyed 
neo the tranſyerſe or longeſt Diameter, to the Solidity of the Sphe- 
roid. de | 
61. Alſo, by Art. the 47th it will be, as 1, to .05305.16476, ſo 
is the Square of the Circumterence of the Sphero:d, multiplyed into 
the longeſt Diameter, to the Solid Content. 

62. The Rules delivered in the ſeveral Articles for the Menſura- 
tion of Cylinders and Cones, having circular Baſes, will hold good if 
the Baſes are Eliptical, c. as alſo in the Spheroid, as the inteli- 
gent Reader will eaſily perceive.. . 


63. Again, from Art. the 58th it follows, that any Segment of 
the Spheroid, as MPMPA, is to the correſpondent Segment of the 
Sphere NPNPA, as the Square of the longeſt Diameter of the Sphe- 
roid, (or Diameter of the circumſcribing Sphere) to the Square of | 
the ſhorteſt Diameter; for of as many Circles whoſe Diameter is MM, 
as make the Segment of the Spheroid, of the like number of Circles 

-whoſe Diameter is NN, is formed the correſpondent Segment of 
the Sphere, and theſe being every where as the Square of FF, to 
the Square of DD, it follows, &. | 


64. Hence it will be eaſy to find the Value of any Portion of a 
 Spheroid, cut by two parallel Planes. 4 - 
| | 65. Hence 


/ 
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_ 65. Hence it is evident, that the circumſcribing Cylinder, the 
Fpheroid, and inſcribed Cone are in the ſame Ratio as the Cylinder, 
the Sphere, and its inſcribed Cope, viz, as the Numbers 3, 2, and 1. 

66. From theſe Premiſes duly conſidered, a great variety of uſeful 
and pleaſant Theoreris might be drawn, but having already exceeded 
the Bounds I at firſt laid down, I ſhall deſiſt till a more convenient 
Opportunity offers, . | 

67. In the Application of theſe Rules to actual Menſuration, the. 
Practitioner is at liberty to make uſe of what Number of Decimal 
Places he judges convenient for his purpoſe, being always ſure of ha- 
ving his Anſwer true to what Degree of exactneſs he pleaſes ; which. 
is an Advantage (beſides the facility of the Operation) that he can- 
not reap from making Uſe of the Numbers 7 to 23, or 113 to 355; 
Cc. commonly in Uſe. | 


Sen III | 


Containing the Demonitration of ſoine u ful T heorems, common- 
ly calPd Axioms, neceſſary for the Solution of the ſeveral, 
Caſes of Right and Oblique- Angled Plain Triangles. 


Theorem the 1/}, uſually called the 1ſt Axiom, 


' N. every Right-Angled Plain Triangle, | 

When the Hypotenuſe or longeſt Side is made the Radius of 2 Cir- 
cle, the other Sides or Legs, will be the Sines of their oppoſite An- 
gles ; but if either of the Sides or Legs, containing the Right Angle 
be made the Radius, the other Side or Leg will be the Tangent of its 
oppolite Angle, and the Hypothenuſe the Secant of the ſame Angle: -. 


8. 0 8 


Thus, 


©) . - Trigonometry. 
Thus, in Fzg. the 1ſt AC being made the Radius, BC is the Sine 
of the Arch CD, (by the 3d Be Selt x.) the Meaſure of the Angle 
A, and AB the Sine of the Arch AE, (by the 3d Def. Sect. 1.) the 
Meaſure of the Angle C. | 1 1 
Again, in Fg. the 2d. AB being made the Radius, BC is the Tan- 
gent of the Arch BP, (by the 5 def- Sect. 1.) the Meaſure of the An- 
gie A, 7 5 the Secant of the ſame Arch or Angle, (by the 6h 
def. Seft. 1. k | SY 

In like manner, in Eig. the 3d. BC being made the Radius, AB is 
the Tangent of the Arch BE or Angle C, (by the 5th def. Sef 1.) 
and CA the Secant of the ſame Arch or Angle, (by the 6th $24, 1.) 


This Axiom is uſeful in the Solution of all the Caſes of Right-angl: 
Plain Triangles. | | | 


Theorem the 2d, or Axiom the 24. 
In all Plain Triangles, - 


The Sides are to each other, as are the Sines of their oppoſite 
Angles ; that is, | h . 


In the Triangle ADE it will be, AD: DE:: S. Angle E: S. Angle 
Conſtr. Produce ED to B (by the 1ſt Poſt.) make EB=AD, and 
let fall the Perpendiculars BC and DE, (by the 14th of the 2d.) which 
will be the Sines of their oppoſite Angles E and A, (by the 2½ Thee 
rem) to the Radius EB=AD. Wherefore, (by tlie 18th Prop.) it 
will be, As EB: ED:: BC: DF. That is, | 
As AD: ED: : 8, E: S. A W. W. D. 
This Axiom it uſeful in the Solution ef the three firſt-Gafes ef Obligue 
Angled Plain Triangles, and may be applyed to all the Caſes in Plain Tri- 
gonometry, except that herein the two Sides and the Angie contained are 
given, and the three Sides to find the reſt. h Theorem 
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e heorem the 3d, or Axiom the 3d. 


In all Plain Triangles it will be, | | 

As the Sum of any two Sides, is to their Difference, ſo is the 
Tangent of half the Sum of their oppoſite Angles, to the Tangent of 
half their Difference. Or, ot the Difference of either of them from 
the half Sum. Iſh 3 | 

Now the Arch of halt Difference, added to the half Sum, will 
give the greater of the two Angles, and ſubtracted from the half 
Sum, will leave the leſſer. ; 

That is, in the Triangle ADE it will be, 


, As AD DE. AD—DE:: T. A. T. GEL; 


X 7 . 
te ITT Wen, 
Conſt, On D as a Center, with the Diſtance of DE deſcribe the 
Circle I RZ (by the 3d Poft.) produce AD to Z (by the 1/7 Poſt.) 
joyn the Points X and E (by the 24 Poſt.) and draw XB. parallel to 
AE (by 5th of the 5th.). WP 4 
Demonſtr, Becauſe D is the Center of the Circle M, therefore 
are XD, DE, Dę, equal (by the 15th def.) whence AZ is equal to 
AD+ 8 (by the 2d. Axiom) and A equal to ID HE (by the 34 
Axiom. >. 2” pay 
Again, becauſe XZ is the Diameter of the Circle EZ, therefore 
the Angle XEZ is Right (by the 3d of the 115%) and E the Tangent 
of the Angle EXZ by the 1/t Theorem) KED (by the 4th ot the 
24) =! EDZ (by the 1 Prop.) =3<3AFE (by the 6th Prop.) to 
the Radius XE, and EB is the Tangent of the <5 EXB (by the 157 
Theorem) EV (by the 5th Prop) to the ſame Radius. 
And becauſe XB is parallel AE, it will (by the 17th Prop) 
| As AL: AA: : ZE; BE. That is, 4 
8 
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As AD+DE: AD—DE:: T. 8 4E: T. ER Gb 
ae 5th Prop.) < XE A, the Arch of Difference of either, from the 
half Sum. f | 
Now, DXE—EXB=(by the 3d Ax.) DXB=(by the 5th Prop.) 
DAE. And DEX XEA =(by the 2d Ax.) AED. W. W. D. 
In. ſuch Caſes where the Lagarithms of the two containing Sides are gi- 
ven, (which frequently happens, and particularly in the Caſe for finding the 
Bearing and Diſtance between any two inacceſſable Places) the following 


Theorem is very applicable, being eaſi er for Practice, and producing a truer 
An ſuer than the former. 


Theorem the 4th, or Axiom the 4th. 


In all Plain Triangles it will be, CEE: 
As the leſſer of the two Sides, to the greater, ſo is the Radius to 
'the Tangent of an Arch, from which taking away 45 Degrees, it will 
be, | | | 
As the Radius, to the Tangent of the remaining Arch; ſo is the 
Tangent of half the Sum of the oppoſite Angles, to the Tangent of 
half their Difference. That is, in the Triangle ADE, it will be, 

As DE: AD:: R: T.of an Arch. Again, 

As R: T. Arch—45 Deg. :: T. HTE: I. EA. 
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Conſtr. On D as a Center, with the Diſtance of DE, deſcribe the 

' Semicircle EB (by the 3d Poſt.), ED being firſt produced to Z, till 
DZ=DA.: Let DB be Perpendicular to XE (by the 13th of the 24.) 
and draw the Lines BE, BX, (by the 2d Po#?.) which will be equal 
(by the 2d. Prop.); from & draw XC, Perpendicular to BY (by the 
13thof the 24) then will the Triangles BZE, CZX be ſimilar, (by the 


5th Prop. and 2d of the 6th.) 


And becauſe the Triangle ZBD is Right-angled at D, it will be 
(by the 1 Theorem) (DB=) DE : (DZ=) DA: : R: T. BD. 

Now ZBD—-.\ BD (= 45 Degrees) (by the 4th of the 6th.)—= 
CBX- Wherefore, 

As R: T. BAT :: (BX=) BE: CX (by the 1/t Theorem): : EZ 
AA (by the 17th Prop.) :: T. 2 EAA: T. 1 EA (by the 
precedent Theorem.) W. W. D. 8 83 


Theſe two Axioms are uſeful in the Solution of the 4th and 5th Caſes 
of Oblique-angled Plain Triangles, where two Sides and the Angle 
contained are given to find the reſt. | | 


Theorem the 5th, or Axiom the 5th. 


In every Plain Triangle it will bee: - 

As the Baſe, to the Sum of the other two Sides, ſo is their Diſſe- 
rence, to the Difference of the Segments of the Bale; made by a 
Perpendicular let fall from the oppoſite Angle when it falls within, 
or to the alternate Baſe when it falls without. 


98 OO» Trigonometry. © 
That is, in the Triangle ADE it will be, 10 
As AE: AD+DE :: AD—DE : AB. 


Conſtruction. On D as a Center, with the Diſtance of DE, ge. 
ſcribe the Circle XBEZ (by the 3d Po#7.) produce AD to Z, (by 
the 2d Poſt.) joyn the Points D and B (by the 1/7 Poſt.) and let fall 
the Perpendicular DP (by the 14th of the 2d.) 


-  Demonſtr. Becauſe D is the Center of the Circle XEZ, therefore, 
are DX, DE, DZ, equal, and AZ=AD + DE (by the 24 Axiom.) 
and AX = AD— DE (by the 3d Axiom.) and becauſe the Point A is 
without the Circle, AEXAB=AZxAX (by the 1 of the 13th.) 
Wherefore, (by the 8h of the 197h.) it will be, AE: AZ:: AX 
: AB. | | | 
That is, AE: AD+DE:: AD—DE: : AE, the Difference of 
the Segments AP and PE in the firſt Caſe, and the alternate Baſe 
AB in the ſecond. V. V. D. 


Now, AEt AB= 2 45 bin the firſt Caſe. 
And ABT AE=2 4 7 in the ſecond Caſe. 


This and the following Axiom are of Uſe in finding the Angles in the 6th 
and laſt Caſe of Oblique Angled Plain Triangles, where the three Sides are 
given. 21 of 2: 18 ö | 


f Ignheorem the 6th, or Axiom the. 6th. 


| In all Plain Triangles it will be, 

As the Rectangle, or Product of any two cortaining Sides, is to 
the Rectangle, or Product of half the Sum of the three Sides, mul- 
tiplyed into the Difference between half the Sum of the three Sides, 
and the Side cppoſite to the Angle contained, ſo is the Square ot 
the Radius, to the Square of the Co- ſine of half the contained Ar- 
gle: That is, | , | 


In the Triangle ADE 2s will be, 
As dExED; SEXDIDE ML OL PE 


the Angle DAE. 


— DE; ; Rq: H. 


_ 9 


As 


| 
| As ADXAE : AFKAL :: Rq:n,9 DA. That is, 
: 2 G 
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Conſtruction. 


1. Let the Angle DAE be biſected by the Line 40 (by the 1170 
of the 2d.) and let DC be drawn Perpendicularly to AC, (by the 
14th of the 2d.) then will DC CB, and AD = AB, (by the 8th of 
the 2d) and conſequently BE is equal to the Difference ot the Sides 
AE, and AD. 

2. From C draw CM parallel and equal to DE, (by the 5th of 
the 5th.) then will CF DE (by the 17th Prop.) the Side oppolite 
Fm, and BF=PE, equal to half the Difference of the Sides AE, 
AD, and conſequently AF=half their Sum. | 

3 Joyn the Points MandE, and produce ME till it meet AC 


-produced in G, then will MEG be parallel to DCB (by the 6th of 


the 5th.) and conſequently the Angle at & right, (by the 5th Prop) 
4. On Fas a Center, with the Diſtance of CF E DE the 
oppoſite Side, draw the Circle LCAM, which will paſs thro' the 
Point E, by the 3d of the 112h.) then will AA be equal to half the 
Sum of the Sides AE, AD, and the oppoſite Side DE ; and AL e- 
qual to their Difference. Wherefore, by the 1/# Theorem or 1/t Axiom 
of Trigonometry it will be, 
As AR: AC :: R: cs. BAC DAE (by Conſtr.) 
And AE: AG: : R: co. <BAC=iDAE (by the ſame.) 
Wherefore, (by the 84h of the 15th) it will be, 


ABXME : ACXAG : : Ry: cs,q 5 <DAE. 
But, ACXAG=AHXAL (by the 1/t of the 13th.) and AB=AD 
by Conſtruction. Wherefore, | 


As 
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* 4 4D + AE— | 
bs DAN, L DILELDE,, ena 


AE-—DE__AD+ AE+DE 
And becauſe £2 LE _ t 2 —DE it will be, 
FT AD + AE+DE __ AD+ AE+ DE 
As ADxAE : © * 1 


e:. 1 DAEq, W. W. D. 
put 2 —A4D+AE: DE ng N= 2 


| 2 | 2 
Then ir will be, ADXAE : R:: ZXT c. XA Wherefore 
a 

E 4 £xX=ci,q A. That is, 

Becauſe the Difference between the Logarithmic Rading „ and Loga- 
rithm of any other Number, is called the Complement Atithmetical. 

1. To the Arithmerical Complement of one Side AE; add the 
Arithmetical Complement of the other Side AD. 


Alſo, the Logarithm of half the Sum of the three Sides, and the 
Logarithm of half the Sum leflen'd by the Side oppoſite, half the Sum 
of theſe 4 Logarithms will be the Co-ſine of half the Angle required. 

2. Becauſe ADxAE: ZxX 32 Rg. . co, q. 2 A. - 
| 3 0820. <A 

Theretore, — 2 :X: : R: 3 that is, 


As half the Sum of the Sides, is to one of the containing Sides, ſo 
3s the other containing Side to a fourth Number: f 
As that fourth Number, is to the Difference of the half Sum of the 
three Sides and Side oppoſite, ſo is the Radius, to a ſeventh Sine; 
which added to the Radius, gives the double Co-ſine of half the 
Angle contained. | | 1 
cd. 2 <A. 


: ADxAE 
3. Again. X 2 R: that is, 


As the Difference of the half Sum of the three Sides and Side op- 
polite, is to one of the containing Sides, ſo is the other containing 
Side, to a fourth Number. | | | | 
As this fourth Number, is to half che Sum of the three Sides ſo is 

the Radius, to a ſeventh Sine, &c. as in the former. 


Again, 


E 


2 
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F Ane: Z xX | cs, q. 2 <A 1 
4. Again, AD : "AE ::R: „ that is, 


As the greater of the two containing Sides, is to the half Sum of 


the three Sides, fo is the half Sum leſſen d by the Side oppoſite, to 


a fourth Number. | 
As the leſſer of the two Sides, is to the fourth Number, ſo is th 
Radius, to a ſeventh Sine, Cc. as in the 2d Cor. _ 
. X cs,q BK A. . 
5. Again, AE: DA: R: R that is, 
As the leſſer of the two Sides, is to the half Sum of the three Sides, 
ſo is the half Sum leflen'd by the Side oppoſite, to a fourth Number 


As the greater of the two Sides, is to the fourth Number, ſo is the 
Radius, to a ſeventh Wag, OH as in the 24 Cor. 2 
cs, q. © Ep 
6. Again, becauſe 75 DX<xX= 7 Nit will be, 


As the Radius, is to one of the containing Sides, ſo is the other 
containing Side to a fourth Number. 


As that fourth Number, isto the half Sum, ſo is the half Sum 
tefſen'd by the Side oppoſite to a ſeventh Sine, c. as in the 24 Cor. 


The Rules given in theſe five lait Corrollarys are all applicable to the 
Gunters Scale, 


Various other Axioms might be produced for the Solution of the 
Caſes in Trigonometry, but theſe thar are already Exhibited are 
more than ſufficient for the preſent Deſign. 


Before I conclude this Section, I ſhall ſhew the Reaſon of one 
Rule made Uſe of in the 6th Caſe of Right-angled Plain Triangles, 
for finding the Hypothenuſe from the two given Legs by the Lo- 


= 


garithms, Viz. | 


From twice the Logarithm of the greater Side, ſubtra& the Lo- 
garithm of the lefler Side Seek for the abſolute Number anſwering 
to that Sum, and to it add the leſſer Side. Seek for the Logarithm 
of this laſt Sum, and to it add the Logarithm of the lefler Side, halt 


the Sum of theſe two Logarithms will be the Logarithm of the Hy- 


pothenuſe required; and the ſame will hold good if the lefler be ta- 


ken inſtead of the greater, c. 
| For, 
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For, put Z forthe Hypothenuſe, b for one of the Sides, and p for the 
| bb 
other, then HH = pp 4¹¹. 1 : E- bxb. 
| Whence, H="PP_+bx W. W. D. 


Section IV. 


Containing the application of the three former Sect ions, to 
the Solution of the ſeven Caſes of Right - angſed Plain Triangles, 


HE whole Science of Trigonometry is contained in this one 

ſingle Problem, viz. from. three Conſtituent Parts of a Triangle 

to find the reſt, and the various Queſtions ariſing from changing the 

things given and required, are called the ſeveral Caſes, and in Plain 

Trigonometry are uſually reduced to 13, viz. to 7 in Right, and 6 in 
Oblique-angled Plain Triangles. FI 

And to render theſe Sections as eaſy as poſſible, it will be neceſſa- 
ry to call to mind ſome few things already prov'd. 4, 

1, That any two Sides of a Plain Triangle taken together, are 
greater than the third that remains. (See Prop. 4, Cor. 2. 

2. That the greateſt Side of every Triangle is oppoſite to the great. 
eſt Angle ; and on the contrary, that the greateſt Angle is oppoſice 
to the greateſt Side. (See Prop. 4. and 1/t Cor.) 

3. Thatthe Sum of the Angles of every Plain Triangle is equal to 
a Semicircle, or 180 Degrees. Wherefore it follows, 

4. If two Angles of a Plain Triangle are known, the third is alſo 
known, being found by ſubtracting their Sum from 180 Degrees. 

5. If one Angle of a Triangle be Obtuſe, that is greater than a 
Quadrant or 90 Degrees, each of the other two ſhall be Acute; that 
is cach ſhall be leſs than 9o Degrees. | 
6. If one Angle of a Triangle be Right, or 90 Degrees, *the o- 


ther two together ſhall be equal to one Right Angle, orgo Degrees; 


(and theſe ſort of Triangles are called Right-angled Triangles.) 
Wherefore, | | ] 


9. In 
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7. In a Right- angled Plain Triangle, if one of the Acute Angles 
be given, the other is alſo known ; being found by taking the given 
Angle from 90 Degrees or a Quadrant, and this defect is called 
its Complement. 5 

For the Reaſon of the 5 laſt Cor, (ſes Prop. the 6th and its Cor.) 
8. That the Tables of Natural Sine;, Tangents, and Secantt, are 
Tables of Triangles readily Calculated to all the variety of Angles : 
So that ſuppoſing AD of the Triangle ADE, | 
to be 10000, Cc. equal Parts, the Natural 
or Tabular Tangent ſtanding againſt or auf wer- 
ing to the Degree and Minute, Cc. of the Au- 
gle A, is the Length of DE in the ſame Parts. 
Alſo, the Correſpondent Tabular Secant is the 
Length of AE. | AER 

Again, if AK of the Triangle AKL be= 10000, Cc. equal Parts, 
the Tabular Sine an(wering to the Quantity of the Angle A, will be 
the Length of KL in the ſame Parts ; and the Natural Sine Corre- 
ſponding to the Meaſure of the Angle C, the Complement of the 
Angle A, will be the Length of AL in the ſame Parts. 

Hence it is abundantly manifeſt, that no Triangle can be propoſed, 
but that a Triangle fimilar to it may be found in the Tables of 
Natural Sines, Tangents, and Secants ; all whoſe Sides being 
known or given, the Correſpondent Sides of the Triangle firſt pro- 
poſed may be readily found, by the help of the 17th and 18th Prop. 
of the 1/7 Part, as will more evidently appear from the Solutions 
themſelves of the ſeveral Caſes, which are as ollow. 


Cafe I. 


The Angles and one of the Legs of a Right-angled Plain Triangle 


being given, to find the other Leg ; or 
The Baſe and Angle at the Baſe being given, to find the Perpen- 


dicular. 
Example. 


In the Triangle ABC, Right-angled at B, 


Are given, 1 Frequired BC, 


Geome= 
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f ; Geometrical. 
k.: E 1. Make AB equal to 6, 
5: by a Line of equal Parts. 


„ 2. Eredtthe Perpendicu- 
3 

| 7 - 3. Make the Angle at A 

h B. . D equal to 36* 52', by the 


A 
8 Line of Chords, and pro- 
8 Ea}, duce the Line AC, till it 
* 15% „ aged) meet the Perpendicular BC 
8 lows Cones ab in C, then is the Triangle 


| FP Conſtructed, and the Length 

of BC may be found, by applying it to the Line of equal Parts. 
ut if a more exact Anſwer be required in Numbers, produce AB 
to D, till AD be equal to the Tabvlar Radius r0000000, Cc. then 
will DE the Tangent of the Angle A be 74991 19, Cc. of the ſame 


Parts. : 
And becauſe the Triangles ABC, ADE, are fimilar, it will be, 


(by the 17% Prop.) 


As AD the Radius, to DE the Tabular Tangent of the Angle 
A, ſo are the Parts in AB, to the Parts in BC. That is, 
AS r0000000 : 7499119 : : 64: 47.99=BC, 
2 arc 712 


e 29996476 
44994714 


. 
we 


2 — 


7.9943616=BC. 


2 93 


2. Produce CB to F, till CF be equal to the Tabular Radius 
10000000, Cc. then will FP be the Tangent of the Angle C=53 
o8', = 13334900 of the ſame Parts, and becauſe the Triangles 
CBA, CFP, are ſimilar, it will be, (by the 17th Prop.) 

As PF, the Tabular Tangent of the Angle C, to FC the Ra- 
dius, ſo are the Parts ig , tp the Parts in BC. That is, 


Fg AS 


Trigonometry, 
48 1 3334900: — 2: 64: 8 


133349.00)6400000.00(47 995 S lc. 


| 1066040 


1325970 


3. Produce AC both ways to K and , till A and o be each 
4 to the Radius; then wil KL the Sine of the Angle A be 5999549, 
and HI equal to AL, the Sine of the Angle 0 equal to W 38, and 
it will be (by the 17th Prop.) 


As (HI -) AL the Tabular Sine of the Angle c; is to LK the 
Tabular Sine of the Angle 4, fo are e the Parts in 4B, to the Parts 
in BC, That is, | 


As $oo0z8 3 5999549 : 364: 47.99 |. 
64 


_ —— 
- 


r 


23998156 IE. 
3599794 1 . 


3000338) 383971136047. 99. Cc. =BC 
| 63957616 


rn 


2 


— — 


2 


7549478 


— — 


3491538 


* 


—7 
* 
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Bat ſince the Invention of Logarithms by the Lord Naper, (of 
which I intend to Treat largely in a Section by its ſelf) the Artificial 
Sines, Tangents, and Secants, (which are no other than the Logarithms 
of the Natural Sines, &c.) have been Introduced in the room of the 
Natural Sines, &c. to avoid the trouble of Multiplycation and Di- 
viſion ; fince the Addition of Logarithms anſwers to. the Multiply. 
cation of the Natural Numbers they repreſent, and their Subtraction 
to the Diviſion, as will evidently appear from the Solution ot the 
former Caſe by the Logarithmic Sines, &c. | 
N. B. The Tables of Natural Sines, Tangents, and Secants, of which 
the Artificial are the Logarithms, are Calculated to a Radius of 
1.00000.00000, whence the Logarithmic Radius, or Sine of 90 De- 
grees, according to Brigs's Cannoy, which is now in Uſe is, 10.0000, 
0000, Cc. | 
The Solution of the ſame Caſe by the Logarithms. 
The Logarithm of AD the Radius is 10.0000, Cc. and the Lo- 
garithm of DE the Natural Tangent is 9.8750102 ; wherefore, be- 
- cauſe it is, as AD the Radius is to DE the Tangent of the Angle 
4, fois 4B to BC ; it will be, | 
5 he E of the . 1 5 = "100000000 
o the Log. of 7499119, Cc. the Nat. Sine 
| of 1e 52'. | $ ——98750102 | 
So is the Logarithm of AB=64 —<—0D— —— —— 1.8061800 


— —— — 


To the Log. of BC 47.99 in the ſame Parts= — 1.68 11902 


— — 


In this Caſe the Multiplycation of 7449, Cc. by 64, is perform- 
' ed by adding their reſpective Logarithms together. | 

|: 2. The Logarithm of 13 34900 the Natural Tangent of 53 O8 

, Angle C, is 10.1249898, the Logarithm of the Radius as betore, 1s 
$8 10.0000, Cc. wherefore, becauſe it is as PF the Tangent of the 

| 2 3 C, 8 to - the 3 . — to BC ; it will be, 

| s the Log. of 13334900, ©c:the Nat. | 
| Tangent of Angle C=53® o8' 10.149895 


— 


* To the Log. of 1000, Cc. the Radius —10,0000000 
| So is the Log. of AB =6q————— 1.8061800 
= « To the Log. of BC=47.99 * —— et — 681 1902 


In 
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In this Caſe the Diviſion of 64000, c. by 13334900, is per- 
formed by ſubtracting their reſpective Logarithms from each other. 
3. The Logarithm of H 8000338, the Natural Sine ot 53" o8'= 
Angle & is 9.9031084, the Log. 5999549, the Natural Sine of 36* 
2 Angle A, is 9.7781186, and of the Natural Number 64, 
1.8061800. And becauſe it is as HI the Sine of Angle C, is to LX 
the Sine of Angle A, ſo is AB, to BC; it will be, | 
As the Log. of 8000338, Nat. Sine of = 53*.08' 9.9031084 


To the Log. of 5999549, Nat. Sine of QA=36* 2 9.778 1186 


So is the Log. of AB=64 ———-——— —— 1.8051800 
To the Log. of BC=47 99, Gow. 1.68 11902 


In this Caſe the Multiplycation of 5999, Cc. by 64, is perform- 
ed by adding their reſpective Logarithms together, and the Diviſion 
ot the Product 3839, Cc. by 8003, Oc. by ſubtraRing the Log. ot 
$0203, c. from the Sum ot the former. 

Whence we have this General Rule for working by the Logarithms, 
dix. to the Logarithm of the ſecond Term, add the Logarithm of 
the third Term, from that Sum ſubtra& the Logarithm of the firſt 
Term, and the Remainder will be the Logarithm of the fourth Term 
required ; whether it be a Side or an Angle. + | 


o Conduct the Reader after the moſt eaſy Manner, into the Uſe and 
Application of the Logarithmic Sines, Cc. to the Solutions of the Caſes 
of Plain Triangles; as well as to let him ſee the reaſon of every Step, and 
at the ſame time to convince him of the neceſſity of being Maſter of the ſe- 
cond Section, was the Reaſon that induced me to reſolve the firſt Caſe by 
the Natural Sines, Cc. which T ſhall omit to do in tbe following, Caſes for- 
Brevity ſake ; and I would adviſe every Maſter that intends his Pupils 
ſhould benefit by his Inſtruction, to follow this Method. 

Hence it is manifeſt, that the Angles, and one Side of a Right-angled 
Plain Triangle being given, each of the other Sides may be found three diffe- 
rent ways, viz. by comparing each Side with the Radius of. the Cannon, 
as will more plainly appear Fa the Solution of the two following Caſes. + 


Pat} Caſe 
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Caſe II. 


The as -and one Side of a Right-engled Plain Triangle being 
given, to find the Hypothenuſe. Or, 

The Baſe and Angle at the Baſe being given, to find. the Hypo- 
thenuſe 


| Example. 
In the Triangle ABC Right-angled at B, 


Are given q 4B 5 8 32 Freq. AC: 
E | This Caſe is Conſtructed like 
22 the former, and AC may be 
. : meaſured by the Line of equal 
SF] Parts. 


a Zn | -.- Bur wfind-chi Langth Lo- 


, eee my garithmically, or by Calcula- 
5 EN . . tion. 
Bur... ... Hg | 1. Produce AB to D, till 


AD be equal to the Tabular 
Radius, and draw the Tangent DE, and Secant AE, and becauſe 


the Triangles ABC, and ADE, are ſimilar, it will be (by the 1770 


Prop.) 
As AD: Fo: + 4B: Gs that is, l 
As the _— — — . 10:0000000 
Jo the Tangent of the Angle — 52% — 10186809916 
So 15 the given Leg AB=64— ——-,,0 


— — —— — 


To the Hypothenuſe AC=80—: 11 900716 


2. Produce CA to H, til ch be equal to the Radius, then will 
be the Sine of the Angle C, equal to the Complement of the Angle 
A, and becauſe the Triangles CAB, CHI are fi imilar, it will be, 


As 
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As IH: HC: :.BA : AC. That is, 


As the Sine of the Angle C=53* o8' — 99903 1083 
To the Radius — 10.0000000 
So is the Baſe, or given Leg AB=64 1.8061800 


Io the Hypothenuſe AC o — 1.903076 
3. Produce CB to F, till CF be equal to the Radius, then will F 
be the Tangent, and PC the Secant of the Angle C, and becauſe 
the Triangles CAB, CPF, are ſimilar, it will be, 
| | As FP: PC:: AB: AC. That is. 


As the Tangent of the Angle C=5 3* 08' —-— 10.1249898 
To the Secant of the Angle C= 3* 08 — 10.2218814 
So 1s the given Leg AB=64 -- — 18061800 
To the Hypothenuſe AC=80 ————- - 1.9030716 . 
| "i 
Caſe. HI. 


The Hypothenuſe and Angles of a Right-angled Plain Triangle 
being given, to find either of the Legs. Or, | 
The Hypothenuſe andAngle at the Baſe being given, to find the 


Baſe. 


| Example. 
In the Triangle ABC Right- angled at B, 
. AE 6? 4 N 
Are given, 2 2 $ req. AB: 


* 


Geometrically, 
| 1. Draw the Line AB at plea- 
. * 
2. Make the Angle at 4 e- N 
qual to 36* 52' by the Line of- | BD” Is. 
Chords, and continue the Line 
AC, till it be equal to 80, up- 
on the Line of equal Parts. = : 
z. Ler fall the Perpendicular H. 2 N I —_— 

CB, and the Triangle is Con- „ : 
ſtructed; and the Baſe AB may P. , , .,, eee BY 
be meaſured by the Line of e- : 

qual Parts, _ | Lag 
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.  Logarithmicall, or by Calulation, 

1. Make CH equal to the Radius, then will HT be the Sine of the 
Angle at C, and becauſe the 'Triangles CAB, CHI, are ſimilar, it 
will by the 17th Prop. Kip | 
As CH: M:: CA: AB. That is, 

A the Radius — — — I10,0000000 

a — — 

To the Sine of the Angle C=53* 08'—— ————- 9.90; 1084 

So is the Hypothenuſe AC=80 ——— —1,9030909 

To the Baſe or Leg AB=64——— — 1.806 1984 

2. Make AD equal to the Radius, then will DE be the Tangent, 

and AE the Secant of the Angle A, and it will be (by the 17: Prop.) 
As EA:DA:: CA, AB. That is, | 


As the Secant of the Angle 4 = 3652 — 10,0968916 
To the Radius — 5 10.0000000 
So is the Hypothenuſe AC=80 —— -———— -— 1 90300 
; F — — 

To the Baſe or Leg AB=64 —— — 1. 806 1984 


3. Make CF equal to the Radius, then will FP be the. Tangent, 


and PC the Secant of the Angle C, and it will be (by the 17th Prop.) 


As CP: PF :: C4: AB. That is, 
As the Secant of the Angle C =53* 08˙ 


10. 2218814 


To the Tangent of the Angle C530 ————— 249898 


So is the Hypothenuſe AC=80——— — 1.9030900 
To the Baſe or Leg =. —. ——, 
Caſe IV. 


The Legs of a Right-angled Plain Triangle being given, to find 

the Angles. Or, | 

The Baſe and Perpendicular being given, to find the Angles. 
| | Example. 


e 


reren „„ 


Trigonometry. 
Example. 
it In the Triangle 4BC, Right-angled at B, 

| Are given 1 — wy Freq. the Angles. 4 and C. 


Geometrically. 


4 1. Let 4B be made equal ro 
0 64, from the Line of equal Parts. E 


the Perpendicular BC equal to 
48 equal Parts from the ſame 
Line, and joyn the Points C and 
A, by the Right Line AC, and 
the thing is done: And the hr” 
Quantities of the Angles A and 1 
coy 1 by the Line Seve 2 „6 25 0 


{ 2, From the Point B, ere& / — 
© 
A 20 [ | 


—_ EEE EE. 


Logarithmically, or by Calculation. 


1. Make AD equal to the Radius, then will DE be the Tangent 


of the Angle 4, and it will be by the 17th Prop. 
As AB: BC: AD: DE. That is, 


As the Baſe or given Leg *AB=64 — -1.8061800 
To the Perpendicular, or given Leg BC=48 1.6812412 
So is the Radius ————- — — 10. ooooooo 
To the Tangent of the Angle 4 =36?* 52 — 9.87506 12 


—ů— 


Which taken from goꝰ bo" or a Quadrant, will leave the Angle 
C=53* 08' (by the 3d of the 6th.) 

But if greater exactneſs be required, that is, if the anſwer be de- 
lired to Seconds, proceed thus; 

1. Take the Tangent of 36* 52' the next leſs Tabular Tangent, 
from the Tangent of 36* 53' the next greater Tabular Tangent, 
which call the Tabular Difference. 

2. Take the Tangent of 36* 52',-the next leſs Tabular Tangent, 
from the given Tangent, which call the Exceſs. 


3. Then 
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Then ſay, as the Tabular Difference, is to the Exceſs, ſo is 69 
Seconds, to the Proportional Augment. I 


_ Pp Example. 
The Tabular Tangent of 36˙ 52' is —<=———9.875010; 
The Tabular Tangent of 36*:53' is — — — 98752734 
The Tabular Difference is — — ben Ke: f 2632 
The given Tangent is — —— 0611 
The next leſs Tabular Tangent of 36? 52' is ———9 8750102 
The Exceſs is———— — — . e 510 


Now, as 2623 :510::60'": 11%; which added to 36* 52, 
the Number anſwe-..1g to the next leſs Tabular Tangent, gives 36 
52' 11” the true Quantity of the Angle required. | 
After the ſame manner, may the length of the Arch correſponding 
to any Sine, Tangent, Cc. be found to Seconds. 

By the Reverſe of this Method, may the Sine, Cc. of any Arch 
given in Seconds, be found. | | 
2. Make CF equal to the Radius, then will FP be the Tangent 

of the Angle C, and it will be (by the 17th Prop.) 
4 As CB: BA:: CF: FP. That is, 


3 ana - Sm_.” A.” 


As the Perpendicular or given'Leg BC =48 —1.68 72412 
To the Baſe, or given Leg AB=64 — —— 1. 8061800 
So is the Radius —— — =— — — 10.0000000 


To the Tangent of the Angle C, 53* 08' — — 10.1249388 


Whoſe Complement to a Quadrant, will give the Angle 4 =36" 
52', as before. + 

Hence it is obſervable, that when the two Sides are given, the Angles 
m a be found two different ways, viz. by comparing each of the given Sides 
_ the Radius, as will yet farther appear, by the Solution of the next 
Caſe, x 
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Caſe V. 


The Hypothenuſe and one of the Legs of a Right-angled Plain 
22 Triangle being given, to find the Angles, Or, 
4 The Baſe and Hypothenuſe being given, to find the Angles. 


Example. 


In the Triangle ABC, Right-angled at B, 
Are given, 3 oe 25 
Geometrically, 


1. Let AB be made equal to 64, by a Line of equal Parts, 
2, Ere& the Perpendicular 


BC. 5 

3. With the Diſtance of 80 HP 
equal Parts, between the Points | — 

of the Compaſles, ſetting one 4 


foot in A, with the other croſs 
the Perpendicular in C, and 


joyn the Points A and C, In 3 3 
then is the Triangle projected, n 

and the Qantity of the Angles of be a 

may be found b ythe Line of P.. in 


Chords. ? 
Logarithmically, or by Calculation. 
1. Make AD equal to the Radius, then will AE be the Secant of 
the Angle at 4, and it will be (by the 17th Prop.) | 
As BA: AC:: DA: AE: Thatis, 


As the Baſe or given Leg AB=64— — — 061908 
To the Hypothenuſe 4028. Gꝙ.— 5 0 | 
do is the Radius — — — ee 


2 ä Whoſe 


83 
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Whoſe Complement to a Quadrant is the Angle at C, 3e oy 


(by the 3d of the 6th,) 


2. Make CH equal to the Radius, then will EI be the Sine of 
the Angle at C, and it will be (by the 17th Prop.) 


my As CA: AB:: CH: HI, That is, 
hs the Hypothenuſe 4C =80 — 


—— 1.9030g00. 


To the Baſe or given Leg 11 —— 3 81800 


So is the Radius - —— 1000000000 
Jo Sine of the Angle ar C=53* o — 8 9. go; ogo0 


N hich taken from goꝰ oo' leaves the Angle at 4, equal to 365 
52 as before found, 


Caſe VI. 


The Legs of a Right-angled Plain Triangle being given, to find 
the Hypothenuſe. Or, 
'The Baſe and Perpendicular being given, to find the Hypothenuſe. 


Example 
In the Triangle ABC, Right-angled at B, 


Are given 1 —2 reg. AC, 


Geometrically. 
42" j 
K 
26 The Conſtruction of this Caſe 
O is in all reſpects the ſame with 
* „ i the fourth, and the Length of 
* Er AC may be found by a Line of 
„ equal Parts. 
P. g eee, O 776. . f f . 


Las. 
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This Caſe is a Compound of the ſecond and fourth Caſes, and the. 
Hypothenuſe or Side AC may be thus found; | 


=— 


Logarithmically, or by Cakulation. 


Let AD and CF be made each equal to the Tabular Radius, and 
et the ſeveral Correſpondent Sines, Tangents, and Secants be drawn - 
as in Caſe the firſt, and it will be, 


1. As AB :BC:: AD: DE. as in Caſe the fourth, That is, 


As the Baſe or given Leg AB=64 ———— - 1.8061800 
| To the Perpendicular or given Leg BC=48 —-—1.681 2412 

So is the Radius — — 19.0000020 
To the Tangent of the Angle 4 =36? 52 9.8750 12 


—— —— jͥ— 


Which taken from 90 oo or a Quadrant, leaves 53* o8', for 
the Angle at C, (by the 3d of the 6th. 

2. The Angles 4 and C being known, their Correſpondent Sines, 
Tangents, Cc. are given, and therefore to find the Hypothenuſe 
AC, it will be, | | | 

1. As AD: AE:: AB: AC. That is, 


As the Radius — —— — 1,000 
To the Secant of the Angle 436 52; asg 
So is the given Leg AP=64 ————— — — 1.8061800 
To the Hypothenuſe AC=80——— — 1. 9030716 
2. As IH: HC: : AB: AC. That is, 

As the Sine of the Angle G= 5 30 OB — — 9.903 1084 
To the Radius — — — 20.0000808 
So is the Baſe or given Leg AB=6qu=—————-1 8061800 


a= — 


— — 19030716 


To tlie Hypothen ule AC=890 
| Q 2 | 3: As 
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| | 3: As FP: PC:: AB: AC. That is, 
As the Tangent of the Angle C=5 3® 08' — —— 10.1249898 


To the Secant of the Angle C =53* 08' ——— 10.22 18814 
So is the given Leg AB=64. | 1.8061800 


To the Hypothenuſe AC=80 


n. 


7 8 
— 19030716 


4. As N: c:: BC: CA That is, 
As the Radius — — ä Dũ— — — —— 19.0000000. 


To the Secant of the Angle C=53* 08' —10,2218814 
So is the Perpendicular or given Leg BC=48 1.6812412 


— 


—— — 


— es. | 


* 


To the Hypothenuſe AC=80.01— — 1.903 1226 


5. LK: KA:: BC: CA. That is, 
As the Sine of the Angle at 4 36* 52! —— 


— 


9.7781186 


— 
—  O— 


To the Radius. x 7 eo 
So is the Perpendicular or given Leg BC 48 — 1.68 12412 


To the Hypothenuſe AC — 80.01 — — 


| 6. As DE: EA:: BC: CA. That is, 
As the Tangent of the Angle 4=36* 52' —— -9.8750102 


1,.9031226 


. 


1 


r 


Jo the Secant of the Angle {= 3652 —Ä 10.0968916 
So is the Perpendicular or given Leg BC =48: 1.6812412 


To the Hypothenuſe AC=80.01 —— ͤł„k ꝑ„—.¼vꝶ 1.903 ka 
| 7. By the help of the ( 3d of the 8155.) the Hypothenuſe Ac may 
de found directly, without finding the Angles; thus, | 

To the Square of one of the given Sides AB=64= 4096 

Add the Square of the other given Side BC=48= 2304 

The Square Root of that Sum- 6400 

Will be 80 equal to theSide AC. „„ 
Or, 
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| N 15 

8. From twice the Log. of the greater Side 4B =64=3.6123600 
Subtract the Log. of the leſſer Side BC=48= — — 1.6812412 


The abſolute Number anſwering to the Rem. is 85.3332= 10 3111 88 


To this Number 85.3332, add the leſſer Side 48, and the Sum 
Will be 133.3332 3 | | 
To the Log. of this laſt Sum 133.3332 ————2.1249379 
Add the Log. of the lefler Side BC=48= ——1.68$12412 


— — 


3.806 1791 


— — _—_— 


Half the Sum of theſe two Logarithms — 


will be the Log. of the Side required AC o = — 1. 9030895 


— — 


For the Demonſtration of this laſt Method, I refer the Reader to 


the End of the 3d Section. 
Hence it is manifead, that the two Legs of a Right-angled Plain Tri- 


angle being given, the Hypothenuſe AC may be found 8 different ways. 


Caſe VII. 


. 
The Hypothenuſe and one of the Legs of a Right-angled Plain 
Triangle being given, to find the other Leg. Or, 
The Baſe and Hypothenuſe being given, to find the Perpendi- 
cular. | 
Example. 


In the Triangle ABC Right-angled at B, 
| AC =80 - 
; Are given, 145 SY req;-BC: 


The Geometrical” Con- 
ſtruction of this Caſe, is the 
ſame with the fifth, and the 
Length of BC may be mea- 
ſured by a Line of equal 
Parts, 


118 T1 rigonometry. Fe 
This Caſe is likewiſe a Compound of the 5th of the 1ſt and of the 
34, ſor the Angles A. and C being found by the 5th, the Perpendi- 
«cular: BC may be found 6 different ways as in the laſt, viz. three 
ways by the help of the Angles, and rhe Baſe or Leg AB, as in the 
firſt Caſe ; and three other ways by the help of the Angles, and the 
Hypothenuſe as in the third Caſe; all which I ſhall omit for Brevity 
ſake, ſince the inteligent Reader may eaſily ſupply them himſelf, 


The Perpendicular-BC may likewiſe be found (by the third Cor, 
of the 87h.) Thus, .; | 
From the Square of the Hypothenuſe 4C80= 


* 


Take the Square of the Bale 45 64% — ———————4o096 
The Square Root of the Remainder ———— — 2304 
Will be 48 the Perpendicular | — 
Or, 
To the Logarithm of the Sum of the Hypothenuſe 
and Bale or given Leg AB=144 — — — $2.158362; 
Add the Log. of their Difference 18. 1. 204 1 200 


— 


3 


Half the Sum of theſe 2 Log. will be the "wy 3.3624825 


of the Perpendicular 8 —), 1.681241: 

N. B. Thoſe Proportions in uhich the Radius is not concern d, are mo 
eafily worked by taking the Arithmetical Complement of the firſt or upper- 

moſt Number, which is what it wants of 10.0000000, for then the 
Sum of the three Terms will be the Logarithm of the th required. 


To perform any:of the Proportions in Trigonometry by Gunter's 
Scale, take this one General Rule. 


Exterd the Compaſſes from the firſt Term, or Number found 
upon the Scale, to the ſecond, and the ſame Extent will reach from 
the third to the fourth required. 


For the Reaſon of theſe two laſt Rules, ſee the Logarithmic 
dection. | . | 


— 


Section 
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9 


| Containing the Solution of the Six Caſes of Oblique-angled - 
5 Plain Triangles. 


Cale 1 . 


WO Sides and an Angle oppoſite to one them being given, 
FT to find the other oppoſite Angle. | 
| Example. 
In the Oblique-angled Plain Triangle ADE, 
B AD= 104— 
Are given) DE=70. — des Os D and A. 
; SE=44" 12'- | 
1 Geometrically. 
1. Having drawn the Line AE, make 
the Angle AED equal to 44 12', by 


the Line of Chords. - 
2. Make ED equal to 70, by the | 3 
Line of Equal Parts. at NE 
3. With the Diſtance of 104, between | 


the Points of the Compaſles, ſetting one 
foot in D, with the other croſs the Line AE in A, and john the Points 


A may be meaſured by the Line of Chords. 
Io find the Angles by Calculation, it will be by the 24 Theorem or 
Axiom of Trigonometry, AD: DE:: S. E: S. A. That is, 


— —— 


To the Side oppoſite to the Angle ſought=70—— 1.845 0980 
So is the Sine of the given Angle E=44* 12'— -9.8433356 


To the Sine of the required Angle A=27* 59 —9.67 14003 


55 | The 


papdbndded0odedepgodddatogeoocare 


D and 4; and the Triangle is Conſtructed ; and the Angles D and 


As the Side oppoſite to the given Angle 4=104 — 2.0170333 . 


rr emm— 2 — ww TI IRo—_—_— — 2 2 


———— — — . — 


= 


That i 
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The Angles E and A being known, the Angle at D may be found 
by the 6th Prop. thus; | | 


i 5 0 / 
From the Sum of the Angles A, D and E, = ——180 09 
Take the Sum of the Angles 4 and E, = — 72 11 
Remains the Angle at D= — — 107 49 


— —-— 


In this Caſe, if inſtead of the Angle E the Angle A had been given, that is, 


if the Side oppoſite to tbe given Angle had been the leſſer of the two given 
Sides, then the Caſe had been doubtful; and the Angle at D either 
Acute or Obtuſe, as ſhall be ſhewn at large in the third Caſe. 


Caſe II. 


The Angles and one Side of an Oblique-angled Plain Triangle 
being given, to find either of the other Sides, 


Example, 


In the Qblique-angled Plain Triangle ADE, 
| = 27 59 


« yY<D==107::49'(- 
Are gn) <E= 4% 12 ; req. AE. 


AD =104, 
Geometrically, | 
1. Make AD equal to 104, by a Line 


of Equal Parts. 
A 2 No 2. Make the Angle A equal to 44" 


12', and the Angle D equal to 10% 49 

| by the Line of Chords, and continue the 
Lines AE, DE, till they interſe& each other in the Point E, and 
the Triangle is formed ; and AE may be meaſured by the Line of 


Equal Parts. 


To determine its Length by Calculation it will be, by the ſecond 
Tauren de Axiom of Trigonometry, As S. E: S. XD; ; AD ; AE. 


As 
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N As the Sine of EA 12 oppolite to the given Side 9. 9.433376 


To the Sine of D 107* 49 oppo. to the mo Side. 9.9 9.9786554 
So is the given Side AD=104 - — 25017033; 


— _______— 


To the required Side AE=142, 2 . 1523531 


— 


After the ſame manner may the Side DE be hn” 


Caſe Ul. 


Two Sides and an Angle oppoſite to one e of — being given, to 
find the other Side. 


In the 9 Plain Triangle ADE, 


AD=104 = 19 
Are en, $ D E70 * req. 4E. 
E =44? 12 « 


The Geometrical Conſtru&ion of this Caſe 


is exactly the ſame with Cale the 01 . 9 
AE may be meaſured by a Line of 


Parts. 


To find the Angle D D ir will be eri the 4 — 
ien den dix. W 13) HM li n- 70 . 

As 4D: DE +: 8. Ange 8. Angle 4.” That is, 

As the given Side DA =104, * — = — 20170333 


— — 


75 5A. 1.8450980 
2 8433377 


To the dine of the Angle at 425 59 — — —9. 6714003 


Which being obtained the Angle at D will be found to be 107? 
49', by the 6th Prop. 


Wherefore to find AE it will be, 


As 8. Angle E: 8. Angle O:: AD; AE, Thatis, 
R As 


To the given Side DER 8 > 
do is the Sine of the given Angle E = . 


1 ' | Trigonometry 
As the Sine ofthe <E AA 12' » — —9 8433356 


— — 
To the Sine of <D=107* 49/ its Supplem. 71” 11” 9.978655 
So is the given Side AD =104 — 2.0 170333 


17 


To the required Side AE= 142 02 ———1523531 
If inſtead of the Angle E, the Angle A had been given, the Sides AD, 
DE, remaining the ſame, the Caſe had been doubtful ; and the third 
Side AE would have had two d. Herent Values, as the following 


Example will J uffic * ſhew. 
Cafe III. 


Example. 2. 


In the ä Plain Triangle ADE, 
AD=104. 7 | 
Are given, 3 70. J req. AE. 


=27* 59 
*TheAmbiguity of this Caſe appears from 
he Conſtruftion it ſelf, for having formed 
the Angle 4, and ſet off AD from 4 to D. 
If with the Diſtance of DE, one foot of the 
Compaſles being placed in D, the Arch EE 
be drawn, it will cut AE in the Points E 
and E, on the fame Side of the Point A; and xonſequently the Angle 
D as well as A will havg two different Values, and to find each of 
vrhich it will be by the 24 Theorem or 2d Axiom of Tr igonometry. 
As DE: AD::S. <A 2 Na That is, 
AKs the given Side DE=70 ed . 8450980 


=>; "% n 


To the given Side =. 104 — —— 8 —2,0170333 
So is the Sine of the Angle 4=27 59" —9.6713716 


Fo 3 e 62065 AO 
To che Sine of the Angle E=44* 12 nach 9.843 3069 
The meaſure of the Angle E in the great Triang le AED, but ta- 
ken from 180” oo (becauſe the Triangle EDE is Iſoſceles) leaves 


135 48 tor the meaſure ol the Angle E in the leſſer * — 
W SINCE 
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whence and from the 62h Prop. the Angle D of the great Triangle 
ADE will be 107? 49, but the Angle D of the lefler Triangle ADE 
will be only 16? 13“; whence firſt, to find the Side AE of the great 
Triangle- ADE it will be, | 
As S. CA: S. CD:: DE: AE. That is, 


As the Sine of the Angle 4 27 19 — 9.6713716 
Io the Sine of <D= 107? 49 its ſupplement 711 1'9.97865 54 
So is the given Side ED=70 —— 1. 8450980 
To the required Side AE=142.03 =——- 2.152 3818 


2d. To find the Side AE of the leſſer Triangle ADE, it will be, 
As S. A: S. D:: DE: AE. That is, 


As the Sine of the Angle 4=27* 59 9.6713716 

To the Sine of the Angle D=16? 14 9.44602 50 
So is the given Side ED=70 —— —1.8450980 
JT To the Side AE required 241.66 — 16197514 


* 


| Fees. 1 | 
If the<E def Obie z be Dis 755 nd AE inf es 


If inſtead of DE, in the fit Example of the third Caſe, the Side AE 
had been given, the Caſe would have been likewiſe doubtful ; and DE 


would have had two different Values, as will appear from the following 


Example. 
Example. 3. 
ln the Oblique-angled Plain Triangle ADE, 
8 AD=104 
Are given, ) AE=142.03 dea. b. 
| <E=44" 12 
. Conſt 


41:66 | 
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5 Ciunſtruction. 


1. Having drawn AE equal to 142.02 E- 
qual Parts, and formed the Angle E equal 
to 44 deg, 12 min. by the Line of Chords, 
take the Diſtance of 104 the Length of 4D, 

\ - and placing one Foot of the Compaſſes in 4, 
l Voith the other deſcribe. the ſmall Arch DD, 

which will cut the Side ED, in the Points D and D, on the {ame 
Side of the Point E, whence the different Values of the third Side 
DE may be found, by the Line of Equal Parts; but to determine the 
ſame by Calculation it will be, 


1. As AD: AE:: 8. E. S. TD. That is, is 
As the given Side AD=104 — 


— 2 0170333 

To the-given Side AE 142.02 — 2 — 23495 
So is the Sine of the Angle E==44* 12' ——— 9.843336 
J0o the Sine of the Angle D=72* 11 —— - 9.97865 18 


wn acl. n tho. ttt KA * 


The meaſure of the Angle at D in: the great Triangle ADE, but 
taken from 180 deg. oo min. (becauſe the Triangle ADD is Iſoſce- 
les) leaves 107 deg. 49 min. for the Angle D in the leſſer Triangle 
ADE, whence the Angle A in the great Triangle will be 64 deg. 
37 min. and the Angle. A in the leſſer 27 deg. 59 min. wherefore to 
find the Side ED, in the great Triangle ADE, it will be by the 24 
Theorem ot 2d Axiom of Tr gonometr . 

As S. E: 1D: : S. A: DE. That is, 


As the Sine of the QE=44* 1. 9.843 3356 
To the Sine of the Angle A=64* 37 — 5 9.95 59089 

So is the Side oppoſite to E, viz. AD 104 2.01703 33 
To the Side DE req. =1 34-77 — — — 


8 — 


2. To find the Side NE in the leſſer Triangle ADE it will be, 
As S. E: S. A:: AD: DE. That is, 


As 
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As. tte Sine of the AngleE=44* 128433336 
To the Sine of the Angle A 27 59” - they 
So is the Side AD=toq——: — 2.0170333 
To the Side req, DE=70 — ——d = 1.845 0693 
W 3 1 ; 

1 <Dbe bene lee 52 and DE is; KY 771 


Is like manner, If the Sides AE, DE and the Angle A, were given, then 
would AD be found to be of two different Values; as is manifeſt "ou 
the 8 Conſtruction, by changing the Letters A and E. 


Caſe IV. 


Two Sides and the contained Angle of an Oblique-angled Plain 
Triangle being given, to find the other oppolite Angles. 


E xample 


In the Oblique-angſed Plain Triangle ADE, 


2 AE 142.627 = ee, 
Are given, ) AD 104 . Creq. Angles E and D. 
<SA=27" 59 


Geom etrically. 


1. Draw the Lie AE, and ſer off 88 


© it 142.02 equal Parts. 
4 3 Y Þ 2. Make the Angle at A equal to 27 deg. 
59 min. by the Line of Chords. | 


3. Let AD be made equal to 104 Equal Parts. 
4. Joyn the Points Dand E, by the Right Line DE, and the Tri- 


ak is made ; and the Angles at D and E, may be meaſured by the 
Line of Chords as uſually, 1 
| e 


\ 


* 
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AE 140 * The Numerical Solution of this Caſe 

AD=1i04 depends upon the 3d Theo. or 3d Ax. of 

Sum =246-02 Trigonometry, for having found the Sum 

Differ. 33.02 and Differenge of the two Sides, ſub- 

ns ſtra& the given a_ from 180 deg, 

Y 1 and take half the Remainder, which 

= Ee bones 3 will be Fm half Sum hops unkhown 

| — — Angles (by the 6th Prop.) and it wi 

S and E 3 1 

Sum 5 * 2 r be by 3d Axiom of Trigonometry, 


As the Sum of the two Sides AE and AD=246.02—2.3 909704 


— 


To their Difference 38.02— 1. 5800121 
So is the Tangent of half the Sum of the Angles Ex 
D and E=76" oo 3o" — 10.503499 l 


To the Tangent of z their Difference or the Dif. I 
of either of them from the 3 Sum =3 12 48 28'' — . 25398 
| Now, — . 


To the half Sum =76 oo 30 Erom the half Sum- 7s oo 30 
Add the half Diff. 31 48 28 Take the half Diff. 31 48 28 


1 Sum greater D 107 48 52 Rem. leſſer 8 A=44 I2 . 
| Caſe V. ; 
* : Given any two Sides and the Angle contained, to find the third 
| _ 7 8 
of Example. | 35 
In the Oblique-angled Plain Triangle ADE, i 
AD= 104 — 


Are given) <D=107? 49 Creq. AE. 


270 — 


Make 


So is the Tangent of the half Sum =36" o5' 30% 
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1 Make AD equal 104, the Angle D equal 
to 107 deg. 49 min. the Side DE equal to 70, 


"x 1 and draw A E and the thing is done; and AE 
Ae SE may be meaſured as uſual. 

This Caſe depends upon the 4th and 34 
for its Solution, and for varietys ſake, I ſhall apply the 4th Axjom tor 


finding the Angles, - 
As the leſſer of the two Sides DE=70 — — —, * 


To the greater AD 104 — — — 0170333 
So is the Radius —— — — — 10.0000000 
To the Tangent of an Arch . 03' 23” 10. 1719353 


From which 9" away 45 deg. « oo min. there will remain 1 * 


3 23”, and it will be, . 


As the Radius - — — ——0,0,000000 
To the Tangent of 11 03“ 23. 9.2 909285 
9.862724 


Tothe Tangent of half the Difference=8* 06' 25" 9.1536499 


Whence the greater Angle E will be 44 11155 and the leſſer An- 
= A equal to-27* 59' 05” ; whence to find the Side EA, it wil be 


by che 2d Axiom of Trigonometry, 
As S. A: S. D:: DE: AE. That is, 


As the Sine of the Angle A=27* g 05” — 9.6713914 
Te the Sine of the <D= 107? 49 its Sup. 720 115 eee 54 
01 is the Side DE=70 - — 1. 8450980 
Te the Side AE rquired=14202 — 2.152362 


Caſe 
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o 4 Case VI. 
Given the three Sides, to find the Aa 


| | E xample. Tr 
In the Oblique-angled Plain Triangle ADE, 


h AE =142.02 
- Are been AD AD==104— 8 wh Fx! . 


E= 70— 
Geometrically. 


1. Make AE equal to 142, * a Line 
ot. Equal Parts: 

2. With 104the Length of AD, between 
the Points of the Compaſſes, ſetting one 
Foot in A, with the other ſweep a [mall 
Arch at D, 

With 70 che Length of DE, ſetting one Foot in E, with the 

other croſs the former Arch in P. 

4. From the Interſection D, to the points A and. E, draw the 
Lines AD DE, and the Triangle is Conſtruged ; and the Angles 
may be meaſured by the Line of Chords as uſual. 

But to determine their Quantities by Calculation. 

- . From D let fall the Perpendicular DP, then will the Triangle 
ADE be reduced into two Right-angled Triangles DP, EDP, in 
each of which the . AD, DE, are given, and the Baſes 
AP, PE, or Segments of the Baſe AE, * be found by the 50 
Axiom of Trigonometry. For, 

As the Baſe AE=142.02 


| Wide abid 2.15 23495 


—)— — 1 
9 — — 


—— 


To the Sum of the Sides AD, DE, =174 2.240 5492 
So is the Difference of the Sides AD, DE, =34——153 14759 


To AB the Dif. of the Segments AP „PE, =41. 56 1. 6 196786 


Which taken from AE 142-02, leaves BE= 100, 364, the half 
of which is 50.182=PE the leſſer Segment. his 
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This again taken from AE the whole Baſe=142.02, leaves 91. 
$;8=AP, the greater Segment. N N 

The Segments AP, PE, or Baſes of the Triangles ADP, EDP, 
being thus found, the Angles may be eaſily had; by the 52h Caſe of 
Right-angled Plain Triangles. For, 3 

In the Triangle ADZB it will be, 


As AP: AD: : R: Sec. A. That is, 
As the Segment AP=91.838 - —— 1. 9630224 


To the Side 4D = 104 0 
So is the Radius 


To the Secant of the <A=27 59 LI —— 10-0540109 


— . 10. 0000000 


Again, in the Triangle EDP it will be, 
As EP: ED: : R: Sec. E. That is, 


As the Segment PE 5.182 1. 7005480 
To the Side DE=70 —̃ —— 
So is the Radius — —¾—V lo. ooooooo 


— 


Io the Secant of the Angle E=44? 12 * 8 445 300 


Now if to the Complement of the Angle A 62* o 49”=ADP 
Be added the Complement of the Angle E= 45 47 53=EDP 


The Sum will be— - ——107 48 42=ADE, 


2. The Angles A, D, E, of the Tri- 
angle ADE may be found, if the Perpen- 
dicular be let fall from any other Angle, 
ſuppoſe 4 of the Triangle ADE, upon the 
oppofite Side ED produced if need be, 
for then the Hypothenuſes AE, AD, of 
the two Right-angled Triangles AEP. 

ADP, are given, and the Baſes EP, DP, may be found by the 5th 
Axiom of Trigonometry. Saying, | 
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130 
As the Baſe ED =70 


To the Sum of the two Sides AE, AD, =246.02 2.3909704 
So is the Difference of the Sides AE, AD, =38.02—1.5800121 


To EB, the alternate Baſe =133.624———2.1 258845 


1 


From which taking away ED=70, the Remainder 63.624, will 
be DB, the half of which is DP=31.812, the Baſe of the Triangle 
ADP ; whence to find the Angle D it will be, by the 5th Caſe of 
Right-angled Plain Triang'es. „ 

As PD: R:: AD: Sec. OD. That is, 
As the External Baſe DP==3 1.812 —— —-- —— 1.5025910 


— 
— 


To the Radius ——— ——— 10.000000 
So is the Side AD = 104 — 2.0170333 


* 
— 


— 


To the Secant ot the Angle D=72* 1119 — 10.5 144423 


Which taken from 180* oo, leaves the great Angle D=107 deg. 
48 min. 41 ſec. 2 
Again, If to the External Segment DP=3 1.8 12, be added the 
Side DE 7o, the Sum 101.812 will be PE, the Baſe of the great 
Triangle. APE ; whence to find the Angle at E, it will be by the 
5th Caſe, Oc. : 
As EP: EA:: R.: Sec. E. That is, 


As the great Baſe EP=101.812 —2.0077990 
| To the Side AE= 142.02 — 7 
So is the Radius — — Io. oooooOO 


10. 1445 505 


Now, if from the Complement of the < E=45* 47' 53”'=< EA 
Be taken the Complement of the <D=17 48 41 =<DAP 


To the Secant of the Angle E=44* 12' 07” 


—— —— — 


The Remainder will be — — 27 59 12=DAE. 
3. After the ſame manner, and by the help of the fifth Axiom and fifth 
Caſe the Angles may be found by letting the Perpendicular fall from the 
Angle E, upon AD produced, if need be, but this the inteligent Reader 
will eaſily ſupply himſelf. | 4. By 
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4. By the helpof the firſt Cor. ot the ſixth Trigonometrical Axiom, 


may any onè Ale 28 D, of the Triangle ADE, be more readily 


Inveſtigated, after the ſollowing manner, 
From halt the Sum ot the three Sides 158.01, ſubſtra&AE the Side 


oppoſite to the Angle required, and keep the Remainder 15.99. 
Then, | 
To the Arithmetical Complement of 4D=104, one | 
of the Sides containing the Angle required — bs 79829667 
Add the Arithmetical Complement of DE So, the o- $ 8.154900 


ther containing Side | — 
Alſo the Logarithm of the half Sum 158.01 — 2,1936846 


And the Logarithm of the Remainder 15.99 —— — 1.2038485, 
Half the Sum of theſe four Logarithms — 195404018 
Will be the Co- ſine of 53* 54 20" 3, ——— 9.7702009 


—— Id. w_—4 


Which being doubled gives 107* 48' 41“, the Angle D required. 

The Angle D being obtained, the Angles A and E, may be 
found by the firſt Caſe and ſecond Cor. 

5. By the help of the 24 Cor. of the ſame Axiom, may the Angle 


D be Inveſtigated after the following manner, | 
As the Log, of half the Sum of the three Sides 158.01 2.1986846 


| To the Log. of one of the containing Sides AD 104 2,0170333 
So is the Log. of the other containing Side DE=70—1.8450980 


To a fourth Logarithm —— 1.663446 
As the fourth Logarithm —— — —— — 1.634467 
To the Logarithm of the Remainder 15.99 —— 1.203 8485 


Sois the Radius — — — 19.0000000 
To a ſeventh Logarithm ————- — 9.5 404018 

To which add the Radius —— 10-0000000 
Half that Sum, viz, —— — 19.5 4040 18 


Will be the Co- ſine of 53? 54 20" 22 22 D-———9.7702009 


therefore, Dr 107 48 41” — — 
| 82 6. By 
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6. By the help. of the 4th Cor. of the ſame Ae. may any one 

Angle ſuppoſe 4, ofthe Triangle ADE, be. readily round after the 

following manner. 1 

As the Log. of the greater of the 2 cont. Sides. AE 142.02 2.15 2 3495 


— — — 
— 


To the Log. of the half Sum of the three Side 158.0 1 2.1 986846 


So is the Log. of half the Sum, leſſen d by BC=88.01—1.94453 20 

To a fourth Logarithm — — 1.9908671 

| . 8 
Again, 

As the lefler of the two cont. Sides AD S 2:0170333 


— — 
— — — 


To the fourth Logaritbh m“ 1. 9908671 


So is the Radius —— ——— — — . — — 10000000 


Toa ſeventh Log. to which add the Radius — 338 
Half that Sum will be the Co- ſine of 135 59" 35%1—9 986 . 
which being doubled gives 2759 11”, the at A 9 


7. By the help of the 62h Cor. of the ſame 6th. Axiom, may any 
one Angle ſuppoſe E, of the Triavgle ADE be Inveſtigated, after 
the following manner. 


As the Radius 


- — 


—_ 


To the Log. of one of the cont. Sides AE= r 42.02 3.1 „ 


So is the Log of the other contained Side DE=70— 1.8450980 
Toa fourth Logarithm.— 53 ˙ — Neg. 6 002 ons 


As that fourth Logarithm—— — Neg. 6.0025525 


To the Logarithm of the half Sum 1 58.01 
So is the Logarithm of the Remainder 54.01 —— 


— — — 


2. 1986846 
1.73 24742 


= —— 


Toa 7th Logarithm, to which add the Radius— x 9.9337113 


Half this Sum will be the Co- ſine of 22* 06' og“ , — 9.06685 c 
the double of which 44 12! 07”, will be he req. TOP 4 65 - 


There a 
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There are various other ways for the Reſolving this as wel! as the 
farmer Caſes, but theſe that I have ſhewn, are more than ſufficient 
for our purpoſe. | 

Each of theſe three laſt ways may be made Uſe of, for finding the 
Angle by Gunter's Scale, for if you extend the Compaſles from the 
firſt to the ſecond, Gr. againſt the ſeventh will ſtand a Sine in the 
Verſed Sines, waich gives the Angle required. | 

Suppoſe it were required to find the Angle D, by Extention ac- 
cording to the fifth Rule proceed thus; Extend the Compaſſes from 
the half Sum (upon the Line of Numbers) to one of the containing 
Sides (ſuppoſe AD) the ſame Extent will reach from the other con- 
taining Side (DE) to a fourth Number. 

Extend the Compaſſes from this fourth Number, to the Remain- 
der upon the ſame Line, the ſame Extent will reach from the Verſed 
Sine of oo deg. to the Angle required, upon the ſame Line of Verſed 


Sines, and ſo for any other. 


N. B. Before the Reader enters upon the Navigation, I would adviſe 
him to read over, and be well acquainted with the Circles of the | 


Sphere; the Definitions of which he will meet with in the fifth part 
a of the Book. a 


* 4 
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HE great End and Buſineſs of Navigation, is to inſtruct the 
vi Induſtrious Mariner how he may Conduct his Ship the 
ſhorteſt Way, and in the ſhorteſt Time poſſible, between any 
two Places aſſigned in Paſſages Navigable. 
If the Places propoſed be at no great Diſtance, but ſo that a Ship 
may fail within fight of Land or Soundings, as between Euglaud, 
Holland, France, &c. it is more properly called Cooſting ; for the 
Performance of which, there is required only the Compaſs, Lead, or 
— and a competent Knowledge of the Nature of the 
oaits. | 
But how to Conduct a Ship through the wide and pathleſs Ocean, 
where nothing is to be ſeen for a conſiderable time but Sky and Wa- 
ter, is the proper Bafineſs of Navigation, and ſhall be the Subject of 
the enſuing Treatiſe. | 
For the due and regular Performance of which, are requiſite, 
1. A true and perfect Knowledge of the Diſtance and Scituation 
of the Places, as to the Latitude, Longitude, Bearing, &c 
2. Inſtruments for Directing and Meaſuring the Ship's Way and 


Courſe ſteered, ſuch as the Loug-Line, Compaſs, Lead-Line, Half- 
Minute Glaſs, &C. | 


— 


3. Inſtruments for making Caleſtial Obſervations, ſuch as the 
Quadrant, Fore-ſtaff, Azimuth-Compaſs, &c. to meaſure the Heights, 
Diſtances, and Azimuths of the Sun and Stars, or to find the Hour 


of 


Navigation. . 
of the Day and Night, alteration of Latitude and correcting the Courſe, 
together with Chart, or Maps, for pricking down the Ship's Way. 

4. A competent Knowledge of the Nature of the Currents, of the 
Mould and Trim of the Ship, and the Sail ſhe bears, that ſo due al- 
lowance may be made for Lee-way, 

5. Skill in the Navigator. ſo that by the help of theſe he may be able 
to know at all times the place the Ship is in, how far ſhe hath to 
ail, and which way, or upon what Courſe, to gain her intended 
Port. : 

For the obtaining of which there are generally given, 

1, The Latitude and Longitude, both of the Port you are to fail 
. wy _ of the Port you are to fail to; by the help of which may 
be tound, ey | | 

2. Upon what Courſe, and how far the Ship muſt ſail. 

3. i he Account of the Ship's Way obtained, by the Log and: 
Compaſs. : 

4. The Latitude of the Plac: the Ship is in by Obſervation. 


How to order, and manage theſe, ſo as to produce the neceſſary Quzſitaz 
ſhall be ſhewn at large hereafter ; for the better underſtanding of which- 
it is very 5 to Explain ſome Terms already made Uſe of. 

Def. | | 

1. The Latitude of any Place, is the neareſt Diſtance of that Place, 
from the Equator,” and is mcaſured by an Arch of the Meridian, in- 
ter cepted between ti Place and the Equdibr, and therefore can ne- 
ver exceed go deg. or a Quadrant, taking its Denomination accord- 
ing as the Place is ſcituated, either to the Northward or Sourhward of 
the Equator. . | 

Hence all Places that lie at the ſame Diſtance from, and on the 
ſame Side of the Equator, are ſaid to lie under the ſame Parallel of 

Latitude, | | 

Cool.. 5 Whence it follows, 


: 1 North ; North 
"4B That if a Ship fail from a3 South * Latitude directly 1 South & 
rich is ſailing under the ſame Meridian, ſhe increaſes her Latitude 
juſt ſo much as is her Diſtance ſail d. 
| | Wherefore, 
I; the Diſtance ſail'd be reduced into Degrees, by allowing 60 
Mil-= to a Degree, (the reaſon of which ſhall be ſhewn hereafter) 


and added to the Latitude the Ship ſail'd from, the Sum will be the 
Latituge the Ship is in, 


Example 


ä — —_— 7 — — 
* 
5 * 


fails directly North 192 Miles, and it be required to find the Latitude 


Latitude the Ship is in. 
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| Example. 1. ; 
'Suppoſe a Ship at Sea in the Latitude of 46 deg. 30 min, North, 


the Ship is in. 1 
To the Latitude ſail'd from = — ———— —— — 46 30N. 
Add the Diſtance ſail'd recuzed =——_— ; Ny, 


The Sum is the Latitude the Ship is in — — 49 42 N. 
6 . A — — 


Example. 2. 


Suppoſe a Ship in the Latitude of 35 eg. 40 min. South, ſails di- 
rectty South 200 Miles, and it be required to find the Latitude the 
Ship is in. BE N 

To the Latitude ſail'd from -— — — 35 408. 
Add the Diſtance ſail'd reduced—— ———— 3 20 Fly. 


— — — 


The Sum is the Latitude the Ship is in — —— 39 o08. 


* A SOV 
2. If a Ship fail from aq heed Latitude, directly 18 | 


ſhe decreaſes her Latitude, juſt ſo much as is her Diſtance ſail'd: 
Wherefore, | | 


If it be firſt reduced intg Degrees, and ſubtra&edfrom the Latitude 


* 


Example 1. 


Suppoſe a Ship at Sea, in the Latitude of 49 deg. 42 min. North, 
fails directly South 192 Miles, or 3 deg. 12 min. and it be required 
to find the Latitude the Ship is in. „ 

From the Latitude ſail d from 49 42 N. 
Take the Diſtance ſail d reduced 3 12 Sly. 


— — — — 


There remains the Latitude the Ship is in —— — 46 30 N. 


Example 2. 


If a Ship from the Latitude of 39 deg. oo min. South, ſails directly 
North 200 Miles, or 3 deg. 20 min. and it be required to find the 


From 
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From the Latitude ſail'd from + op eames 26 oo 8. 
Take the Diſtance ſaild - —— 3 20 Nly. 
Remains the Latitude the Ship is in ——35 40 8. 


If in either of theſe two laſt Examples, the Diſtance ſail'd be more 
than the Latitude the Ship fail'd from, the Ship has crofled the Equa- 
tor; and as the Sailors uſually term it, depreſſed one Pole and raiſed the 
other, and in this Caſe from the Diſtance ſail'd, take the Latitude 
the Ship ſail'd from, and the Remainder will be the Latitude the. 
Ship is in, the contrary way to what it was betore. 

Example 


Suppoſe a Ship in the Latitude of 1 deg. 30 min. North, ſails di- 
rely South 192 Miles, or 3 deg. 12 min. and it be required to find 


the Latitude the Ship is in. N 

From the Diſtance fail'd — — — 12 Sly. 

Take the Latitude the Ship ſail'd from — 1 30 N 

Remains the Latitude the Ship is i — — 42 8. 
Def. | 1 


2. Difference of Latitude, is the neareſt Diſtance of two places lying 
under the ſame Meridian, or the Diſtance between the Parallels paſ- 
fing — any two places lying under different Meridians, and is 
ound, ä 

If the places lye on the ſame ſide of the Equator, that is, both in 
North or both in South Latitude, by ſubſtracting the leſſer from the 


greater. 
Example. 


Let it be required to find the Difference of Latitude between the 
Lizard, in the Latitude of 30 deg. oo min. North, and Barbadoes, in 
the Latitudeof 13 deg. 30 min. North. 


From the Latitude of the Lizard = =50 00 N. 
Take the Latitude of Barbadoes -———-13 zo N. 


— 


yr 


Remains the Difference of Latitude ——— —— 36 3o 
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If the places propoſed lie on contrary Sides of the Equator, that 


is, if one be in Northern Latitude and the other in Southern Latitude, 
then the Sum of the Latitudes will be the Difference of Latitude. 


| | Example. | |; 
Let it be required to find the Difference of Latitude between 
Barbadoes, in the Latitude of 13 deg. 30 min. North, and the Cape 
of Good Hope in the Latitude of 34 deg. 15 min. South. 


To the Latitude of Barbados — "Ow 3 13 ; . 
Add the Latitude of the Cape of Good Hope —— 34.. 15 8. 


— 


Their ſum makes the Difference of Latitude——.— 47 45 | 


If the Latitude of one Place be given, and the Difterence of LA 
titude between it and a ſecond Place, to find the Latitude of the 


ſecond Place. 15 | 
If the. Latitude and Difference of Latitude are both the ſame way, 


that is, both Northerly or both Southerly. 
To the Latitude-given, add the Difference of Latitude made, and 


the Sum will be the Latitude required. 
3 Example. | 
Suppoſe a Ship from Cape Verd, in the Latitude of 14 deg. 
43 min. North, fails Northerly, until her Difference of Latitude 
be 4 deg. 40 min. | 


To the Latitude of Cape Verd | — 14 43 N. 
Add the Difference of Latitude made — 4 40 Nly. 


% 


Their ſum is the Latitude the Ship is in ———— 19 23 N. 


If the Latitude and Difference of Latitude are contrary, that is, 
if one be Northerly and the other Southerly. Then, 
From the Latitude ſail'd from, take the Difference of Latitude 
made, and the Remainder will be the Latitude the Ship is in. 
Example. 
Suppoſe a Ship from Cape Verd, in the Latitude of 14 deg. 
43 min. North, ſails Southerly until her Difference of Latitude be 


4 deg. 40 min. Then, 
From 
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* 


From the Latitude of Cape Verdi! — I 4 43N. 
Take the Difterence of Latitude made- — 4 40 Sly. 
Remains the Latitude the Ship is in — 10 03 N. 


If in this laſt Caſe, the Difference of Latitude exceed the Lati- 
tude ſail'd from, then from the Difference of Latitude made, take 
the Latitude the Ship ſail'd from, and the Remainder is the Latitude 
the Ship is in; the contrary way to what it was before. 

Example. | | 

Suppoſe a Ship from the Latitude of 1-deg. 20 min. North, fails 
Southerly, until her Difference of Latitude be 190 Miles, or 3 deg. 
10 min, and it be required to find the Latitude the Ship is in. 


From the Difference of Latitude reduced — ; 10 Sly. 

Take the Latitude the Ship ſail'd from —— 1 20 N. 

Remains the Latitude the Ship is in —— 1 1 50S: 
pg | Weds F 2 _ 


3. The Longitude of any Place upon the Earth, is an Arch of the 
Equator, intercepted between the firlt Meridian, and the Meridian 
paſſing thro' the Place propoſed, or it is equal to the Angle formed 
by the two Meridians. | | 

So that if a Ship ſails directly on the Equator, ſhe alters her Lon- 
m_ juſt as much as is her Diſtance ſail'd. 

3 | 
4. Difference of Longitude, is an Arch of the Equator, intercepted 
between the Meridians paſſing thro' the places propoſed, and is the 

ſame with the Angle at the Pole, formed by the Meridians themſelves. 

„ Wherefore, 

1. If coor from the Longitude of the Place the Ship ſail'd from, 
be added or ſubſtracted (according as the Caſe requires) the Diſtance 
faild (reduced as for the Latitudes) the Sum or Remainder, will 
be the Longitude of the Pl: ce the Ship is in. | 

2. But if the Ship ſail under any Parallel of Latitude, ſhe alters 
not her Longitude according to her Diſtance ſail'd, but more; and 
that in the Proportion of the whole Equator, to the Circumterence 
of the Parallel under which aſs Which is, \ ks 

, 2 » Fo 
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As the Co- ſine of the Latitude, to the Radius. (As ſhalt be 
made appear hercaſter) and the Diſtance ſaild in this Caſe, is uſually 
_— the M2ridional-Diſtance, or Departure. So that, 
ef. | 
4. Meridional-Diftance, or Departure, is the Diſtance of any two 
Places lying under the ſame Parallel, or the Diſtance of the Meri- 
dians paſſing thro' two Places lying under different Parallels, num- 
57 Degrees or Miles of the Equator. 
* 5 
5. For determining the Courſe of the Vinds, and to diſcover their 
various Alterations or Shiftings, the Horixon is uſually divided into 
32 equal Parts, by Lines drawn from the Place whereon the Obſer- 
ver ſtandeth, (forming Angles with each other of 23 of 360 deg. or 
11 deg. 15 min.) the four Principal of which, take their Names from 
the Places to which they tend, viz. that which extends it ſelf under 


the Meridian towards the 3 ITO is called 3 — that which 


is towards the Right- hand, when the Face is directed North, and at 
Right- angles to the Meridian, Eaſt; and that which extends it ſelf 
the contrary way Weſt. The others having their Names compound- 
ed of the principal Lines whichare on each ſide of it, as may be ſeen 
in the following Figure; and over which ſoever of theſe Lines the 
Courſe of the Wind is directed, that Wind takes it Name accord- 
ingly. And ſince if we move never ſo little to the Eafward or Weſt 
ward, we come under a new Meridian; and foraſmuch as all the 
Meridians do of neceſſity meet in the Poles, (according to their 
Nature) it follows, that the Eaft aud Nieſt Line in the laſt Place, 


will not be Parallel to the Eaft and Jeſt Line in the firſt Place, but 


a little inclined to it, and 7 the other intermediate Rumb- 

Lines in each Station will be inclined to each other, (fince they al- 
ways form equal Angles with the Meridian.) 

Now, If the Alterations or Diſtances ot the Meridiaxs be infinite- 
ly mall, the- infinite ſmall Portions of theſe Rumb-Lines, (proper 
to each Alteration of Latitude) when Connected, together will form 
Curve Lines upon the Globe, which Lines will form equal Angles 
with all the Meridians, and are the Rumb Lines deſcribed upon the 
Surface of the Globe ; and the ſeveral Paths of a Ship that fails ac- 
— to the Direction of the Compaſs. 

Dep. | | 
5. The Compaſs, is a Circle made to repreſent the Horizon, 


and 
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and divided into 32 equal Parts by Lines drawn from the Center, 

to the ſeveral equal Diviſions of the Circumference, repreſenting the 
ſeveral Rumb Lines upon thechobe, and by touching the Needle faſten d 
on the back ſide of the North and South Line, with the Magnet or 
Loadſtone, a certain Vertue is infuſed into it, which makes it al- 
ways tend to, and hang nearly Parallel with the Meridian, and there- 

fore ot great Uſe for directing and determining the Ship's Way, and 
diſcovering the Courſe and Alteration of the Winds. 2; ol 


* 
3 
- 
- 
. 


. 8, The Courſe is the Angle which the Rumb Line upon which the 
Ship has or muſt ſail, makes with the Meridian; ſo that it the Ship 
fail upon the ſecond Rumb, or N. N. E. Cc. the Courſe is an Angle 


of 22 deg. 30 min. and ſo for any other, as the following Table 
will ſhew. A 
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14 Table of the Angles which every Rhomb (or Pom 
e the Compaſs) 7 — with the Meridi in. 
W 
NORTH |SOUTH 5 D. M re T ENU UTH 
WA een fila: PRINT ARIEL] 
4 
205 37 
55 | 208 26 
Northby Eaſt South by Eaſts rr 15/ N. by W. S. by W 
r 
1 2116 52 
| 419 41 
N. N. E. S. S E. |» _ [2 30] N. N. W. S. S. W. 
2 4125 19 
| 2 4228 07 
„c 0032: 4A. W-by NyS. V: by 
3 4136 34 
3 239 22 
b 2142 11 
North Eaſt. | South — LK. en Welt South Weſt. 
| 4 447 . at 
| 15 | 
N. E. by E. E. N. W.by W.. W. by N. 
E. N. E. 1 We 
EaſtbyNorthE W. by $ 
TIA} A 
: 
| Eaſt Weſt 


Hence 


mw — 2 ty 


Py a F244 


Navigation. | 143 
Hence it is plain, that if a Ship ſail between the Meridian and the 
Eaſt or I eſt Line, ſhe alters both her Latitude and Longitude, and 
each of them more or leſs, according as the Angle the Rumb-Line 
(apon which the Ship ſails) makes with the Meridian, is greater or 
lefler : And in order to determine the juſt Quantity of each, it is ne- 
ceflary to enquire a little into the Nature of the Rumb-Line it ſelf, 
and the Triangles deſcribed upon the Surtace of the Globe, by the 
Rumb-Lines, Meridians, and Parallels of Latitude. 

It being then the 
Eſſential Property of 
the Rumb Line, to 
form equal Angles 
with every Meridi- 
an thro' which it 
paſſes, it muſt of 
neceſſity be a Curve 
or Heliſpherical Line 
(ſince none but the 
Equinoctial as a 
Great Circle, and 
the Parallels as ſmall 
Circles, can cut the 
Meridians at equal 
Angles) always ten- 
ding towards the | 
Pole, and approaching it by infinite Gyrations or Turnings, ſtill co-- 
ming nearer and nearer, but never falling into it; for if it were poſſi- 
ble to ſail by any Rumb whatſoever (except under the Meridian) 
directly under the Pole Point, it would follow, that one and the 
ſame Line, could cut infinite other Lines conſidered as ſuch, at e- 
qual Angles in a meer Point; which is contrary to the very Notion 
we have of a Line and an Angle. a 

Hence it is, that no part of a Rumb-Line how ſmall ſoever, can 
be a ſtreight Line tho for all Nautical Uſes, a ſmall Portion is, and 
may without ſenſible Error be conſidered as ſuch. 


This being premiſed ; Let P repreſent the Pole, 40 an Arch of 
the Equator, PA a Quadrant of the Meridian, and the Arches a p, 
cq, er, &c. Parallels of Latitude, at ſmall Diſtances from each 
ther, ſuppoſe of 1 Win, and let the Rumb-Line 4% af, &c. be 


ra ven 


Point or Place in the Southern Hemiſphere ; and the contrary. 
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drawn. Thro' the Interſections h, d, f, &c. of the Rumb-Line, with 
the Parallels before deſcribed, draw the ſeveral Meridians Pl, Pn, 
Pn, &c. whence will be formed ſeveral {mall Triangles Aab, bed, def, 
&c.. which tho' ſtrictly ſpeaking are Curvilinear, yet becauſe of their 
ſmallneſs, we here, and may without ſenſible Erro:, conſider them as 
Rectilinear Triangles ; in each of which Aa, bc, de, &c. are the 
Differences of Latituce, ab, cd, ef, &c. the Departures, A, b4 
d f, &c. the Diſtincces upon the Rumb, the Angles a Ab, c bd, ed, 
*c. the Courſes, and the Angles at a, c, e, &c. Right, and conſe- 
qu ently in the whole Rumb Triangle ABC, AB is the whole Diffe- 
rence of Latitude, AC the whole Diſtance, but the whole Depar- 
ture trom the Meridian, is Compounded of the ſeveral intermediate 
Departures ab, cd, ef, &ͤ . 

1. Now becauſe the Triangles 4ab, he d, def, &c. have cach 
one ſide Aa, bc, de, &c. equal, the Angles at a, c, e, &c. Right, 
aid the Angles a A b, cd, edf, &c- equal among themſelves, it 
follows (by the 2d Ir p.) that the other parts of the Triangle a6, 
cd, ef, &c. allo, Ab, bd, df, &c. ſhall be equal among themſclves. 

Whence it follows, 

1. That the Segments or Porticns of any Rumb-Line, con- 


tained between two Parallels having the ſame Difference of Latitude, 


are equal to each other; tor the Segments Ab, bd, df, &c. are e- 
qual among themſelves. _ 

Wherefore, If a Ship {ail from the Latitude of 10 deg. North, 
till ſhe be got into the Parallel of 20 deg. North, and then ſail from 
thence upon the ſame Rumb, till ſhe be in the Latitude of 30 deg. 
N the latter Diſtance ſhall be equal to the former, and the like will 
hold good from 30? to 400, and thence to 50®, &<. tothe very Pole; if 
it were poſſible to ſail thither according to the Direction of any Rumb. 

2. That to a like Diſtance upon the ſame Rumb, there will be al- 
ways the ſame Difference of Latitude and Departure; for the Si es 


Aa, bc, de, &c. are equal among themſelves, as are the Sides a b, 


cd, ef, &c. ſo that if a Ship in ſailing x00 Leagues or 300 Miles, 
upon the third Rumb from the Equator either Northward or South- 
ward, make an alteration of 4* og' 5 in her Latitude, and 166.68 
Miles in her Departure, ſhe will make the ſame alteration of Lati- 
tude and Departure, in ſailing Northerly trom any other Point or - 
Place in the Northern Hemiſphere, or in ſailing Southerly, from any 


3. That 
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3. That the Differences of Longitude, or Arches of the Eguator- 
Al, Im, mn, &c. correſponding to the equal Separations, or De- 


partures from the Meridian, ab, cd, ef, &c. in different Parallels 
are unequal, increaſing as the Ship ſails farther from the Equator, in 


the Proportion of the Radius, to the Co fine of the Parallels Di- 


ſtance from the Equator ; as ſhall be made more fully appear here- 
after, when I come to Treat of the Mercator's Sailing. 
4. That if a Ship in ſailing from A, upon a given Rumb and a given 
Diitance, arrive at 6, in returning back by the oppoſite Rumb, ſhe 
will not arrive at A, but fall wide of it, nearer to /; for becauſe A / 
is greater than ah, the Angle A 6 l is greater than aA b, and con- 
ſequently the Ship in returning, maſt {ail upon a different Rumb, 
making a greater Angle with the Meridian, to arrive at A. 
And this is one Notorious Error that attends the Plain Sailing, and is the 
Reaſon why thoſe who keep their Reckonings by the Plain Chart are 
cel to make more Eaſting or Ih eſting as they call it, to arrive at 
.the ſame Place uhen they ſail towards the Equator, than when they ſail 
from it, tho' they know not from whence the Cauſe proceeds. 


5. Hence it is manifeſt, that the Difference of Latitude, Diſtance 
fail'd and Departure, form a Right-angled Plain Triangle, the 
Courſe being the Angle oppoſite to the Departure, and therefore 
from any two of theſe with the Right Angle, the reſt may be eaſily 
found, by the help of the Doctrine of Plain Triangles ; as will more 
exidently appear in the next Sef7ion. 


Section II. | 


Containing the Application of the Doctrine of Right-angled 
Plain Triangles, to the Solution of the ſeveral Caſes in 
Plain Sailing, relating to a ſingle Courſe. 


Caſe I. 


NE Latitude, Courſe, and Diſtance ſail'd being * to find 
| the other Latitude and Departure from the Meridian. | 
U | Example. 


A 
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| Example. "x 
A Ship at Sea in the Latitude of 46 deg. 30 min. North, fails 96 
Miles upon the third Rumb, or N. E by N. I demand the Latitude 
the Ship is in, and how much ſhe has departed from her former 
_ Meridian. | C12 | 


13. Geometrically. ' 1 


« 1 5 2. Let J repreſent the Meridian, and 
| for Methods ſake the fore part towards B, the 
North part, the part neareſt to you towards 
A4, the South, then will that part touurdi the 
ERegbt- hand be the Eaſt, aud that towards the 
Teft hand the Weſt ; which Order will be Ob- 
ſer ved thro the-whole Courſe of this Mork: 
Aud let A be the place the Ship departed from. 


2. Draw the. Line. AC, forming an An- 
gle of 33 deg 45 min. or three Points, 
with the Meridian 4B, upon which ſet off 

k 96 Miles from 4 to C, then will AC repre- 

| ſent the Rumb-Line upon which the Ship has ſail d, and C the P lace 

me is arrived at. | e e e | 8 

3. From C let fall the Perpendicular CB; then witl 4B be the 

Differenee or Alteration of Latitude, and ſhews how much the Ship 

has got to the Northward of the firſt Place; alſo CB the Departure 

or Meridional Diſtance, and ſhews how much ſhe has got to the 

Eaſtward of her former Meridian, the juſt Quantity of each of 
which, may be found by the Rules given in Plain Triangles. 


And dere Note; * alabo each. may le. ound three differem Ways, by the 
Trigouometrical Rules, yet in the Application we never make Uſe but 
of one way, and that 2 ſualh where the Radius becomes the firſt Term 


in the Proportion, as being the moſt apt for Prattice. 


And firſt. to find the Dep: rene Diſtance, it will be 

1 e 4s of eee, e 
8 As R: AC:: S. BAC: BC. That is, ; > 

| $ 
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As the Radius — — — — 1b 
To the Diſtance ſail'd 96 ĩ]?T.C 1.822713 

So is the Sine of the Courſe 33 deg. 45 min. — 9.7447390 
Io the Departure 53.34 Miles ——— —1.7270102 


And ſo much is the Ship to the Eaſtward of her former Meridian: 


If the Courſe had been Weſterly, then the former Number would have 
ſhewn how much the Ship was got to the Weſtward, and the ſame Meri- 


dional Diſtance will obtain in failing from any Point upon Globe, 96 Maile; 
upon the third Rumb. | 
2. To find the Alteration or Difference of Latitude, it will be by 


Caſe the 3d of Se. the 4th of Trigonometry. 
As R: AC: : cs, BAC: AB. That is, 


As the Radius — ͤ — lo. ooοοοοο 
To the Diſtance ſail'd 96 —————— -1.9822712 
So is the Co- ſine of the Courſe 33 deg. 45 min. 9.9198464 
To the Difference of Latitude 79.82 Miles 19021176 


And ſo much in this Caſe is the Ship got to the Northward of her 
laſt Place, wherefore becauſe ſhe is got farther from the Zquater. 


To the Latitude ſail'd from — 46 30 N. 
Add the Difference of Latitude made - I, 19;*3Nly 
The Sum is the Latitude the Ship is itn————47 49732 N. 


If the Courſe had been S.erly, the Ship would then have been gotten 
79.82 Miles to the Southward of her former Place, and therefore in 


this Caſe to find the Latirude the Ship is in, 


rom the Latitude {ail d from 46 30 N. 
Take the Difference of Latitude made —— 39.828ly. 
There Remains the Latitude the Ship is Ih ——44 50.18 N. 


Again 


U 2 
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| Again becauſe the ſame Alteration of Latitude, will always happen 
in ſailing 96 Miles upon the third Rumb, if the Latitude propoſed had 
been oo deg. 30 min. South, and the Courſe had been Northerly, 
as in the firſt Example, to have found the Latitude the Ship is in, 
becauſe the Difference of Latitude is greater than the Latitude ſailq_ 
from. 7 d . 5 

From the Difference of Latitude made — 25 39.82 Nly. 
Take the Latitude ſail'd from 


6 wo Al: 


Remaſhs the Latitude the Ship is in ———1 09.82 N. 


Contrary to what it was before, and ſo for any other. 


By Reaſon ſometimes of the unſteadineſs of the Winds , ſwelling of the 
Seas, unknown Currents, ſetting with or againſt the Courſe of the Ship, 
and ſeveral other Accidents, the ejtimate Diſtance by the Log is viciated; 
and conſequently the Difference-of Latitude and. Departare thus found is 
Naught, and not to be relied on, the Navigator muſt be ſure therefore, ſo 
ſoon as the Sun or Stars appear, to find the Latitude by Obſervation, ac- 
cording to the Dire&ious.iu the latter part of this Egeatiſe, which if found 
to diſagree with the Latitude deduced by this Caſe, the Difference between 
the Latitude you departed from, and the laſt Obſerved. Latitude muſt be 
talen, and with this true Difference of Latitude and the Courſe, find the 
Diſtance and Departure, by the following Caſe, 


Caſe II. 


Both Latitudes and Courſe being given, to find the Diſtance (ail's 
and Departure from the Meridian. | 


Example: 


A Ship at Sea in the Latitude of 46 deg. 30 min. North, after ha- 
ring ſailed for ſome time upon the third Rumb, or N. E. by N. is found 
by Obfervation to be in the Latitude of 47 deg. 50 min. North, I 

demand the true Diſtance fail'd and Departure from the Meridian. 

| 1. To find the Difference of Latitude. 

Becauſe the Latitudes are both North, and the Ship's Courſe is 
Northerly. | 


— From 
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From the Latitude found by Obſervation ——— —47 50 N. 
Take the Latitude ſail'd from — — 46 30 N 
Remains the Difference of Latitude made — 20 Nly. 


Geometrically, 


1. Make AB equal to the Difference of 
Latitude 80, and erect the Perpendicular BC. 


* 2, Draw the Rumb- Line AC, making an 
Angle of 33 deg. 45 min. with the Meridi- 
an, and produce it till it cut the Perpendi- 
cular in C, which 1s the Place the Ship is 
in, then will AC be the Diſtance run, and 
BC the Departure, to find each of which by. 
Calculation, it will be, 

1. By Caſe the firſt of Sec. the fourth of 


Trigonometry. 
As R: AB:: t. BAC: BC, That is, 


As the Radius... — 100000000 
To the Difference of Latitude made 80 — 0900 


So is the Tangent of the Courſe 33 deg. 45 min. — 9,8248926 


To the Departure 53.45 


— 


And ſo much is the Ship got to the Eaſtward, &c. | 
For the Diſtance ſail d it will be by Caſe the 2d of Sec. the 470 

of Trigonometry. | | ney” 

As R: AB: : Sec. BAC: AC. That is, 

As the Radius — — — — 10.0000000 ' 


To the Difference of Latitude made 80 — 19030900 
Sd is the Secant of the Courſe 33 deg. 45 min. — 10.080136 


—— — 


0 
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But if having no Reaſonto ſuſpef the Diſtance ſail d, for the former or any 
other Reaſons, and are aſſured in your ſelf of having made a good Ejti- 
mate thereof, but miſtruſt the Care of him that Steers, that he has let 
her yaw or fall off, or that you have nezlefed the Variation, or met with 
thwart Currents ; then with the true Difference of Latitude, aud 
the Diſtance ſail'd, find the Courſe and Departure, by the following 


Caſe. 
Caſe III. 


Both Latitudes and Diſtance Sail d being given, to find the true 
Courſe and Departure from the Meridian: ; 


Example 


A Ship at Sea in the Latitude of 46 deg. 30 min. North, ſails 
upon ſome Rumb between the North and Eaſt 96 Miles, and then by 
Obſervation is found to be in the Latitude of 47 deg. 50 min. North, 
I demand the true Courſe ſteered and Departure from the Meridian, 
To find the Difference of Latitude. 
\ Becauſe the Latitudes are both North, 


From the Latitude found by Obſervation 47 3o N. 


Take the Latitude fail'd from ——45 30 N. 
. : , . ——2—j6ͤ—U— — 
Remains the Difference of Latitude · — —— 20 Niy. 


Geometrically. 


1. Set the Difference of Latitude made 
80, from A the Place departed from to B. 
2. Ere& the Perpendicular BC, to the 
right from the Meridian, becauſe the Courſe 

is Eaſterly. | 
3. With the Diſtance ſail'd hetween the 
Points of the Compaſſes, ſetting one foot 
8 in A, with the other croſs the Perpendicu- 
A - _- Aarm C, which gives the Place the Ship " 

| arrive 


B 


0 . 
; | 


,. WO 


Navigation. 1 
arrived at, and conſequently the Angle BA C will be the trie Courſe 


ſteer'd, to find which by Calculation it will be, by Caſe the 316 
of Se, the 4th of Trigonometry. 


As AC: R:: AB: S. ACB. That is, 
As the Diſtance ſail'd 96 


— — — — 
. 


1.9822712' 
— — 1 9030 0 


To the Radius 
Soria tik DidcrencecE Latitude 86 
To the Co- ſine of the Courſe 33 deg. 33 min. — 9.9408 188 
Which becauſe ſhe ſail d between che North and the Eaſt; is North 


33 deg. 33 min. Eaſt or N. E. by N. nearly; whence to find the 
Departure it will be, by Caſe the 3d of Set. the 4th of Trigonometry. 


As R: AC:: S. BAC: BC. That is, 


As the Radius — — — — 


To the Diſtance fail'd 9s... — 1.9822712 
So is the Sine of the Courſe 33 deg. 33 min. 9.74246 16 


I10,000000Ac 


_— 


— — 


To the Departure 53.06 Eaſtwardly ——— —— 1.72473 28 
"GORE. - ks * N —— 


The Tatiades of any two Places being given, and their Meridional Di- 
ſtance, the following Caſe is ¶ Uſe in determining the true Rumb the. 
Ship muſt ſail upon, and how far. 2 
tim 1g 29D i e ee, a bro uote 


Ol. i 109: 971 ui eie een „ 4 VL 
Both Latitudes and Departure being given, to ſind the direct 


. te «»ͤlln p ] ᷣ -. od MS 
A Ship at Sea in the Latitude of 12 deg. o mig. Nöten is bound 
to Bar badoes, in the Latitude of 13 deg. 53 min. North, the Meri- 
dional Diſtance by Eſtimation being 53 Miles Weſt, I demand the 
direct Courſe and Diſtance, from the Ship to her Port, * 
0 


Example © 


—_ N ESD EPR * = 
* i V _ — 2 „ * 1 K — 
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To find the Diflerence of Latitude. E 


From the Latitude of Barbadoes — zo N. 
Take the Latitude the Ship is in — — 12 10 N. 


Remains the Difference of Latitude —— —— — 1 20 Nly, 
:Geometrically. 


1. Set off the Diſſerence of Latitude 
from A to B. 
2. From B ere& the Perpendicular 
BC, equal to the Departure 53 Miles, 
to the Left-hand of the Meridian, and 
draw the Line AC, then will A repre- 
ſent the Place of the Ship, C the Port 
bound to, AC the direct Diſtance, and 
the Angle A the true Courſe. 
To bnd which by Calculation it will 
be, by Caſe the 4th of St. the 4th of 


＋˙˙F.¶. 


1 


— — 


— 


* - | V. gonometry. 

As AB: R: Be. t. BAC. That is, 

9 As the Difference of Latirade 80 — 1. 9030900 
. 4 — 

| To the Radius — — — $10,9000000 
* So is the Departure 5̃ͤ .. ͥ᷑ ä 24242759 


To the Tangent of the Courſe 33 deg. 31 min.—98211839 


Which becauſe the Ship is bound from a leſs North Latitude to 2 
greater, and the Meridional Diſtance is Weſt, is N. 33 deg 31 min. 
Weſt, or N. W. by N. nearly : whence to find the direct Diſtance 
it will be, by % the 2d of Sect. the 4th of Trigonometry. © 

As R: AB: : Sec. BAC: AC. — 


As the Radius —— 0.0000000 
To the Difference of Latitude 80 — 1 .9030900 
So is the Secant of the Courſe 33 deg 31 min,———10. 0789771 


To the direct Diſtance 95.95 ——— 8820671 
6 92 


— 
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If for want of a perfect Knowledge of the Latitude ſail'd from, 

ot chro' the careleſneſs of him that kept the Helm, you miſs the 

Place you wete to ſail to, but made an exact Eſtimate of the Diſtance 

ſail'd by the Log, then may the Latitude of the Place rhe Ship is in, 

and the true Courſe ſhe has ſail'd, be exactly known by the follow- 
ing Caſe. 15-00 


Caſe V. 


One Latitude, Diſtance ſail'd, and Departure being given, to find 
the other Latitude and dire& Courſe. 


Example. 


A Ship at Sea in the Latitude of 12 deg. ro min. North, having 
ſail'd between the North and Weſt 95.95 Miles, and having made 
53 Miles of Weſting, I demand the direct Courſe ſteer'd, and 
Latitude the Ship 1s in. | 

Geometrically. 


I. Having drawn DC parallel tothe Meridi- 


an, at the Diſtauce of the Departure 53 Miles; 6 SF 8 
with the Diſtance ſail'd between the Points : 
of the Compaſles, ſetting one foot in A, the | 
Place the Ship departed-from, with the other : | © 
croſs the former Parallel in C, which will be N % e 
the Place at yhich the Ship is arrived; from ' 7X .q [D 
whence having let fall the Perpendicular CB, : Nen“ 
and-drawn the Line CA, BA will be the Al- 2 
teration of Latitude, and the Angle at 4 0 
the Courſe, to find which by Calculation it \ 
will be, by Caſe the 5th of Sed. the 5thof : A 
Trigonometry. | | 
As AC: R:: BC: S. BAC. That is, 
As the Diſtance ſail'd 95.95 — 19820450 
To the Radius ——— 10.0000000 
So is the Departure 53 —— — 1. 7242759 
To the Sine of the Courſe 330 32 ͤ:ͥ mᷓ 9.742230 


— m —n-n-Hn᷑n —— 


X Whence 


- 


” i * — . %¼—ANRʃĩ⁊iʃmĩ̃ ˙ 26 OO Re” ny 
. . f 
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Whence the true Courſe is North 33 deg. 32 min. Weſt, or North 
Weſt by North nearly : Wherefore, to find the Difference of La- 
titude it will be, by Caſe the 3d of Se. the 5th of Trigonometry. 


As R: AC: : cs, BAC: AB. That is, 


| As the Radius: — — 7 — I 0.00900000 
To the direct Diſtance ſail'd 95.95 — — — 98 . 

So is the Co- ſine of the Courſe 33 32 —— 99209393 
To the Difference of Latitude 79.98 — = 4 003084; 


Or 80 Miles nearly, equal to 1 deg. 20 min, wherefore, to find the 
Latitude the Ship is in, becauſe ſhe ſail'd from a North Latitude 
Northerly. | vor” WP. 


273. Þ: bd o 


To the Latitude ſaibd from e 
Add the: Difference of Latitude made — 1 20 Nly. 
Their ſum is the Latitude the Ship is in 13 30 N. 


5 — 


if the Diftance Run eitimated by the Log, be not ſufficiently exact for the 
Reaſons given in Caſe the firſt, but you are well aſſured of your Courſe, 
then by the following Caſe may be found the true Diſtance ſail'd, as alſo 


the Latitude the Ship is in. ä F 


One Latitude, Courſe and Departure, being given, to find the 
Latitude the Ship is in, and her direct Diſtance ſail'd. | 
_Exanvle, 
- A Ship at Sea in the Latitude of 46 deg. 30 min. North, ſails 


upon the third Rumb or North Eaſt by North, antil her Meridional 
Diſtance be 53.34 Miles, I demand the Latitude the Ship is in, and 


her direct Diſtance ſail d. 


7 | | a Geome- 


Navigation. 1 55 
Geometrically. 


1. Having drawn the Meridian AB : from 
A, the place of the Ship, draw the Rumb- B. 83.34 


Line AC, forming an Angle with AB, equal : 35 7 
to 33 deg. 45 min. 9 : 
2. With the Meridional Diſtance draw & wa : 
CD parallel to AB, where this interſects the © /x 
Rumb-Line as at C, will give the place the N Pl 
Ship is arrived at; from whence having let F 9 
fall the Perpendicular BC, we ſhall have & 
. AB for the Difference of Latitude, and 7 
A for the direct Diſtance ſail d, to find / 
which, by Calculation it will be, by Caſe 4 
the 17 of Se. the 5th of Trigonometry. = 
As S. BAC: BC:: R: AC. That is, s 
As the Sine of the Courle 33 deg. 45 min. — 9.7447390 
To the Departure 53.34 Miles ———-— 1.72705 30 
So is the Radius —— I0.0000C00 
To the direct Diſtance 96.01 — 1.9823 140 


To find the Difference of Latitude it will be, by Caſe the 1 of 
Sect. the 5th of Trigonometry. | 
As t, BAC: BC::R: 4B. That is, 
As the Tangent of the Coutſe 33® 45 ———— 9.8248926 


— 1.7270530 


Io the Departure 53.34 
So is the Radius 


To the Difference of Latitude 79.83 ——= ——==x.902 1604 


Wuhence to find the Latitude the Ship is in, becauſe ſhe ſails from a 
North Latitude Northerly. | 


— U—K— — 


To the Latitude ſail'd from 46 30 N. 
Add the Difference of Latitude made —— 0 19.83 Nly 
The Sum is the Latitude the Ship is ii. —47 49.8; N. 


X 2 | And 
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And that the Reader may the better underſtand the Nature of Com- 
pound Traverſes, I thought it neceſſary to incert the following Problem. 
A Ship at A, (which for Methods fake we call the firſt Port) in 


the Latitude of 15 deg. 30 min. North, (See Fig. the firſt, Plate the 
firſt) is bound to P a ſecond Port, in the Latitude of 23 deg. 10 min, 


North, the Departure between them being 3 90 Miles Eaſt, and ha- 


ving ſail'd from A to S, is found by Dead Reckoning to be in the 
Latitude of 21 deg. 15 min. North, and to have deparred from her 


former Meridian 180 Miles Eaſt; I demand the direct. Courſe and 


Diſtance from the Ship at S, to the ſecond Port P. 
1. To find the Difference of Latitude between the Ship and her 
ſecond Port, becauſe the Latitudes are both Northerly. 


"0 TED | We: 
From the Latitude of the ſecond Port —— 23 10 N. 
Take the Latitude ot the Place the Ship is in —— 21 15 N. 


— — 


Remains the Difference of Latitude ——1. 55 Nly. 


— — 


2. To find the Departure between the Ship and her ſecond Port. 
From the Departure between the two Ports C 390 Eaſt, 
Take the Departure the Ship has made BS=CD= 180 Eaſt, 


— —— 


Remains the Dep. between the Ship and the 24 PortDP=2 10 Eaſt 


Wherefore to find the Courſe it will be, by Caſe the 4th of Plain 
Sailing. | 


As the Difference of Latitude 115 ————— —2.0606978 
To the Departure 2 10 — 1} 

So is the Radius - — — — — 10.0000000 
To the Tangent of the Courſe GI I8—— 10,2615215 


— — 


- Which becauſe the Difference of Latitude. is Northerly, and De- 
parture Eaſterly, is North 61* 18' Eaſt, or North Eaſt by Eaſt, 5deg. 
03:min. Eaſterly. And, | | | | 

To find the di 
Hlain Sailing 


— 


As 


— 
. * 


AY 


— 
0 * 
7 


rect Diſtance it will be, by the ſame fourth Caſe. of N I 


„ 
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As the Radius y —_—— 10.0000 
To the Difference of Latitude 1.15 —— ———-—2 0606978 
So is the Sccant of the Courſe 615 18˙ a — 10.3 185566 


To the direct Diſtance 239.5 Miles — —2.379:544 


If the Courſe and Diſtance upon which the Ship has ſail'd, or be- 
tween the 1ſt Port and the Ship be required, then in the Triangle BAC 
are given, AB the Difference ot Latitude 340 Miles, in this Caſc 
Northerly, and BS the. Departure 180 Miles Eaſt, whence by the 
fourth Caſe of Plain. Sailing, the Courſe will be found to be North 
62 deg. os min, Eaſt, or North Eaſt by Eaſt. 5 deg. 51 min. Eaſt, 
and the diſtance ſail'd. 3 84.7. 

2. Let it be required to find upon what Courſe ſhe muſt ſail, and 
how far, to arrive 100 Miles directly to the Weſtward, of the ſecond 
Port, | 
Becauſe in this Caſe the Diſſerence of Latitude is the ſame, and the 
Departure equal to 110 Miles, it will be by the. fourth Caſe of 
Plain Sailing. 


As the Difference of Latitude 115 5 - 2.0606978 
To the Departure 1 10— 2.041 3927 

So is the Radius — 10.0000000 
Ta the. Tangent of the Courſe 43% 44 - E: 9.9806949 


Which becauſe the Difference of Latitude is Northerly, and the 
Departure Eaſterly, is North 43 deg. 44 min. Eaſt, or North Eaſt by 
North 9 deg. 55 min.: Eaſt, and to find the direct Diſtance, it will 
be by the ſame Caſe.. 


As the Radius — ———— — 10.0000000 
To the Difference of Latitude r 15 ———- — 

So is the Secant of the Courſe 43 deg. 44 min. 10.1411 230 
To the direct Diſtance 159.2 Miles- — 208 


——ů ů — 


3. If it had been required to have found upon what Courſe ſhe 
muſt have ſail'd, and how far, to have brought the ſecond Port to. 
bear; 
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bear 100 Miles Weſt, then in this Caſe the Difference of Latitude 
would have been 118 Miles as in the former, and the Meridional 
Diſtance 3 10 Miles, and conſequently by Caſe the 4th of Plain Sail. 
ing, the direct Courſe would have been North 69 deg. 39 min. Eaſt, 
or Eaſt North Eaſt 2 deg. 9 min. Eaſt, and the direct Diſtance 3 30.6 

4. In like manner in failing North 5 r deg. 51 min. Eaſt, or North 
Eaſt 6 deg. 51 min. Eaſt, Diſtance 339.9 Miles, the ſecond Port 
vill be brought to bear due South 50 Miles from the Ship. 

5. Alſo in filing North 72 deg. 48 min. Eaſt, or Eaſt North Eaſt 
5 deg. 18 min, Eait, Diſtance 219-8 Miles, 'the Ship wilt be brought 
to bear irom the ſecond Port, South 30 Miles, and conſequently 

the ſecond Port will bear North 50 Miles from the Ship. 

6. Let it be required to know what Courſe and Diſtance the 
Ship muſt fail, to bring her ſecond Port to bear North Eaſt by 
North, diſtance roo Miles, which place for diſtinction fake, we will 
call rhe Ship's Station. (See Fig. the 1ſt, Plate the Iſt.) 

1. In the Triangle mz Po are given, the Angle Po the Bearing, 
and Po the Diſtance, whence to find tue Difference of Latitude P, 
it will be by the firſt Caſe of Plain Sailing. 

As the Radius = — 10.0000000 


' 


W— — 


To the Diſtance given 100 Miles— — 2.0000G00 
So is the Co- ſine of the Courſe 33% . —————9 9198464 


To the Difference of Latitude 83.15 —— 1.9198464 


| — A—U —— 
Which taken from SD 115 Miles, the Difference of Latitude 
between the Ship and her ſecond Port, leaves SE 31.75 Miles, the 
Difference of Latitude between the Ship and her Station, which in 
this Caſe is Northerly. - | 
Again, to find the Departure o, between the ſecond Port and 
the Station, it will be by the firſt Caſe of Plain Sailing. 


As the Radius — —— — 10.0000000 
To the Diſtance given Io00- —— 2.0000000 
So is the Sine of the Courſe 33 45 ——9,7447390 


6 


To the Departure 55.56 Miles —.— 17447390 


Which 
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Which in this Cale added to E equal to DP, equal to 2 10 Miles, 
the Departure between the Ship and her ſecond Port, gives EO e- 
qual to 265.56 Miles, the Departure between the Ship and her 
Station, in this Caſe Eaſterlo, whence to find the trac Courſe and 


% 


Diſtance ir will be, by Cafe the fourth of Plain Sailing. 


As the Difference of Latitude 3 1.75—— — 1.5017437 
To the Departure 265.56 — _ — —— 2.42 41626 
So is the Radius | — . — — o 0000000 
To the Tangent of the Courſe 83 11“ . 10,9224189 


Which becauſe the Difference of Latitude is Northerly, and De- 
parture Eaſterly is North 83 deg. 11 min. Eaſt, or Eaſt by North 
4 deg. 26 min. Eaſt, and for the dire& Diſtance it will be, ; 


As the Sine of the Courſe 83* 11 — 99969191 
So is the Radius — — 10.0000000 
To the direct Diſtance 267.4 . ——.— 24272435 


So that in Sailing N. 8; deg. 11 min E. Diſtance 267.4 Miles, 
the Ship will arrive at her Station, and the ſecond Port will then bear 
North Eaſt by North from the Ship, Diſtance 100 Leagues. 


Hence it will be eaſy to find upon what Courſe and how far, the 
Ship muſt fail, ſo as to bring the ſecond Port to have any given or 
determinate Bearing and Diſtance from the Ship: But to return, 


Let 4, (in Fig. the th, Plate the 1/7) repreſent the firſt Port, 
in the Latitude of 23 deg. oo min South, P the ſecond Port, in the 
Latitude of 16 deg. 30 min. South, the Meridional Diſtance CP, 
between the two Ports being 180 Miles Eaſt, and let us ſuppoſe the 
Ship arrvied at S, in the Latitude of 14 deg. 20 min. South, and to 
have made 3 90 Miles of Departure Eaſt, and let it be required to 
find upon what Courſe the Ship muſt ſail, ſo as to arrive at the ſe- 
cond Port P. 

To find the Difference of Latitude, between the Ship and her ſe- 
cond Port. | YE „ 
| Be- * 


, 


„ 20. — 
” 


— 


14“ Weſt, or S. W. by W. 1* 59 3, W. Diſtance 247 Miles. 


. ˙mäA ͤͤů¹i1! DP . 
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Becauſe the Latitude ſhe is bound to, is greater than the Latitude 
ſhe is in, and both on the ſame ſide of the Equator. Therefore, 


From the Latitude of the ſecond Port ——-= 16.30 South, 
Take the Latitude the Ship is in — 14.20 South, 


Remains the Difference of Latitude —- 2.10 


Or 130 Miles, which becauſe the Ship is to the Northward «f 
ber Port, is.Southerly. 

Again, to find the Departure, becauſe the Departure made is 
greater than the Departure between the two Ports, 
From the Departure the Ship has made —— Wo Miles E. 
Take the Departure between the two Ports — 180k. 


Rem. the Departure between the Ship and her 2d Port 210 


Which is Weſt, becauſe the Departure made is greater than the 
Departure between the two Ports. 

W herefore, to find the direct Courſe it will be, by Caſe the fourth 
of Plain Sailing. 

As the Difference of Latitude 130 


To the Radius — —— — 10 0000000 
So is the Departure 210 - — — 23222193 


— — 21139434 


T —— 


To the Tangent of the Courſe 58? 14 2 — 100.2082759 


—ů— U —ę— 


Which becauſe the Difference of Latitude is Southerly, and De- 
parture Weſterly, is South 58deg. 14 min.; Weſt, or South Welt 
by Weſt r deg. 59 min. 3 Weſt, whence to find the direct Diſtance it 
will be, by the fourth Caſe of Plain Sailing. 

As the Sine of the Courſe 58* 14' + ——— ——— 9:9295598 


To the Departure 210 


— ——2.3222193 


10. 0000000 


— —ä — 


To the direct Diſtance 2479 —— — —— 2.926595 


Whence the Courſe from the Ship to her ſecond Port, is S. 585 


From 


. „ Ne 
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From a due Conſideration of what has been done, and a View ol 
the 2d, 3d, 4th, 5th, 6th, and 8th Figures in Plate the 18F, the Reader 
will eaſily account for all the Varieties, that can attend Problems of 
this kind, and readily give Solutions to any of them. * 
And inaſmuch as Plate the 1, is ſuppoſed to repreſent a ſmall 
Part of the Earths Surface, in which, beſides the Figures already - - 
made Uſe of, the 9th, 1oth, 11th, 12th, &c. repreſent the ſeveral +, + 
Caſes in Plain Sailing, it will not be difficult by adiligeat Inſpection, 
to ſee the Reaſon of every ſtep that has been taken. 
For as the Latitude of a Place is no other than the neareſt Diſtance 
ol that Place from the Equator, it is manifeſt that a Ship at 4, in 
Ng. 15th, 17th, 19th, on the South-fide of the Equator, in 1 
Northerly Courſe from A to C, approaches nearer to the Equator, by 
the Diſtance of AB, and conſequently makes her Latitude ſo much 
leſs than before; while on the contrary, the ſame Ship at 4, in Fg. 
the 13th 11th, and 9th, on the Northern fide of the Equator, in 
failing the ſame Courſe, continually goes farther from the Equator 
by the ſame ſpace, and conſequently makes her Latitude ſo much 
the greater. 
In like manner, the ſame Ship at 4, in Fig. roth, 12th, and 14th, 
on the North ſide of the Equator in ſailing Southerly towards C, ap 
proaches the Equator, and therefore diminiſheth her Latitude; while 
the Ship at A, in Fig. the 16th, 18th, 20th, on the South ſide of the 
Equator, keeping the ſame Courſe, continually increaſes her Latitude. 
Again, as the Departure is nothing elſe but the Diſtance between 
the Meridian ſail'd from, and the Meridian ſail'd into, it is manifeſt, | 
that a Ship in Fg. 9th, 11th, 13th, 15th, &c. in ſailing Weſter- 
ly from 4 to C, is got to the Weſtward of her former Meridian, by 
the Diſtance of BC; while the ſame Ship in Fig. 10th, 12th, 14th, 
16th, &c. in ſailing Eaſterly from 4 to C, gets to the Eaſtward of 
her firſt Meridian, by the Diſtance ot BC. | 
Again, as a Ship in ſailing from A to S, (See Fig. the 5th) is got to 
the Eaſtward of her 11 Port, by the Diſtance of BS, and likewiſe to 
the Eaſtward of her ſecond Port, by the ſpace of PD; ſo the ſame 
Ship in Fig. 3d, in ſailing from A to S, is got to the Eaſtward of her 
1/t Port, by the Diſtance of BS; and to the Weſtward of her 2d Port, 
by the Diflance of PD, the difference between the Meridional Di- 
ſtances CP, and CD, equal to BD, and conſequently her Courſe to her 
ſecond Port muſt be South Eaſteriy. — things being yr; 2, | 
to | „ 
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Section III. 


Containing the Application of the Doctrine of Right-angled 
Plain 'Triangles, to the: Solution of a Traverſe or Com- 
pound Courſe. | 


Traverſe or Compound Courſe, is when a Ship upon the ſhifting 
of the Winds, fails upon ſeveral Courſes, in any given ſpace 

ot time. | 
Io reſolre a Traverſe, is ſo to Order and Compound the ſeveral 
Courſes and Diſtances, obtained by the Log and Compaſs, that the In- 
duſtrious Mariner may know at all times, the Place the Ship is in, 
and be able to determine how far, and upon what Courſe he muſt 

{ail to gain his intended Port. 

And to this End it is neceſſary to let the Learner know, that the 
Seamen aftef the manner of the Aſtronomers, reckon their Days from 
Noon to Noon; and 'tis their uſual Cuſtom, to take from the Log- * 
board every Day at Noon, the moſt notable Tranſactions of the pre- 
ceding Day, relating to the Wind, Weather, Cc. and if the Ship in 
that time has gon upon ſeveral Courſes, that Compound Courſe beomes 
a Traverſe ; of which I ſhall give ſome Examples. 


Example, 1. 


A:Ship takes her Departure from a Head-Land, in the Latitude 
of 55 deg. oo min. North, it bearing then E. N. E. diſtance by Eſti- 
mation 6 Leagues, and fails S. by E. 36 Miles, then W. by S. 
28 Miles, then N. W. 30 Miles, then due South 41 Miles; required 

the Latitude the Ship is in, and her Bearing and Diſtance from the 
Head-Land. | 

The Solution of this Problem, depends intirely upon the firſt and 
fourth Caſes of Plain Sailing; and the ſeveral Departures and Diffe- 
rences of Latitude anſwering to each Courſe and Diſtance, muſt be 
found according to the Rules given in Caſe the firſt, after the manner 


| | 1. Courſe - 
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1. Courſe W. S. W. Diſtance, 18 Miles. 
10.0000000 As Radius 


- 10.C000000 


As Radius 


To the Diſt-ſa:l'd 18 1.2552725 To the Diſt. ſail'd 18 1.2552725 
So is theS.of C. 67.30 9.9656153 Soisthecs,otC.67.30 9.5828397 


—— 


| To the Dep. 16.63 — 1. 2208878 To Difi.of Lat. 6.89 0. 8381122 


2. Courſe, S. by E. Diſtance 36 Miles. 
10.0000000 As Radius 


I0.0COCOOAG 


As Radius 


To the Diſt. ſail'd 36 1. 5563025 To the Diſt ſajldzs 1.5563025 
So istheS.ofC. 1 1. 15 9.2902357 So is the ce, of C. 1115 9.9915739 


— — 


To the Depart. 7.02 o. 8465382 To Diff. of Lat. 3 5.3 1 15478764 


After this manner muſt the Differences of Latitude and Departure 
for every Courſe and Diſtance be found ; but I ſhall omit the Opera- 
tions for Brevity ſake. | 

Now from the ſevcral Departures and Differences of Latitude, thus 
deduced from the Courſes and Diſtances, obtained by the Log and 
Compaſs, may be found the Latitude of the Place the Ship is in, and 
how far ſhe is to the Eaſtward or Weſtward of her firſt Meridian, by 
diſpoſing of them as in the following Table, called the Traverſe 
Table; which conſiſts of five Colums, in the firſt of which muſt be 
placed the ſeveral Courſes and Diſtances, in the other four, the Dif- 
ferences of Latitude and Departures, deduced from each Courſe and - 
Diſtance, placing each according as the Courſes are: that is, if the 
Courſe be N. ¶ Weſbetyy z the Difference of Latitade muſt be placed 
under the Column N, or N for the North, and the Depar- 
ture under the Column — oft * but if the Courſe be 8. I Wellen, 7 
then the Departure muſt be placed as before, and the Difference of 
Latitude under the South; and being thus diſpoſed, it is manifeſt 
that the Totals of the ſeveral Columns ſhew the Northings, Southings, 
Eaſtings, and Weſtings, that the Ship has made. | 

Wherefore, if the Sum of the Northings, exceed the Sum of the 
Southings, it follows, that the 4 is tothe Northward of = nrſt 

x 2 - lace 
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Ihe Traverſe Table. 


wiſe to the Weſtward, as will appear by the following Table. 


| TE 5 | Diff. of Lat 


— Miles to the Weſtward of her firſt Meridian. 


Departure 
Courſes. Diſtances. | N. I S. E. T 
1 . — — — — 1 — 1 — — — Ü— F — 
| WE 4 — ———o= 18] — 6.89 — 16.63 
> 7 ERP FE few — 135-3} 7-02 | | 
9 8 -— — . — [27.47 | 
; "dey ——«· 90 21.21 — — 21.211 
L 21.21 [88.66 7.02 [65.31 
Re * 7.02 
Diff of Lat.—67.45 3 Dep. 58.2.9 


Now becauſe the Sum of the Weſtin 

| c Sum of the gs exceedsthe Sum of the Eaſt- 
ings, by 58.29 Miles, it is manifeſt, that the Ship is — eo 
Again 
Becauſe the Sum of the Southings exceeds the Sum o 

= . . of th 8 
inge, by 67.45 Miles, it follows, that the Ship is. 67.45 Nie - 

I 7 552, to the Southward of the Port departed from; wherefore, 

to find the Latitude ſhe is in, becauſe the Latitude ſailed from is 


Northerly, and the Difference of Latitude Southerly: 


From the Latitude ſail'd from — > 00 
Take the Difference of Latitude made OW 97034 87 
Remains the Latitude the Ship is come into ce N 
„ Now to find the direct Courſe the Ship has Sail'd,” or its Bearing 


from the Head. Land, it will be by the fourth Caſe of Plain Sailing. 


As 
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ws and that juſt as much as is the Exceſs, and the contrary. I ' - ; 0 — | 

On, if the Sum of the Eaſtings, exceed the Sum of * As the Difference of Latitade 67 45 | TE 

Weſtings, the Ship is to the Eaſtward of her firſt Meridian ; other- T the Departure 58.29 —————— 1.765941 
0 p 58. 4 — 10.9000000 


So is the Radius — — R c 
To the Tangent of the Courſe 40 deg. 50 min. — 9.9 366 121 


Which becauſe the Diſſerence of Latitude is Southerly and De- 
arture Weſterly, is S. 40 5o! W. or S. W. by 8 7_ 05 W. 


; Again, for the direct Diſtance it will be, by the ſame Caſe. 


—9.8154854 


As the Sine of the Courſe 40 deg. 50 min. - 


— 


To the Departure — 58.29 —1.7655941 
So is the Radius ——— — Io. ooo 
To the direct Diſtance 89.15 —— 1.950108) 


ö Example 2. 

A Ship at Sea in the Latitude of 36 vo. North, is bound to a 
port in the Latitude of 3 25 o North, the Departure between the 
Ship and the Place being 180 Miles Weſt, and therefore the direct. 
Courſe by Caſe the fourth of Plain Sailing is, S. 35 4 W. or S. W. 
by S. 2* oo' Weſterly, and the direct Diſtance 308.1 Miles, but. 
finding the Wind variable from the S. by E. to the S. S. W. a ſmall 
Gale, and ſmooth Water plies upon theſe ſeveral Courſes, with the 
Diſtance on each Courſe obtained by the Log as follows. 

Larboard Tacks on Board, Wind variable from S. by E. to S. 8. 
W. Courſes S. W. by W. 27 Miles, W. S. W. 2 W. 30 Miles, W. 


by S. 25 Miles, W. by N. 18 Miles. . | 
Starboard Tacks on Board, Wind ſhifting from S. S. W. to S. W. 


and W. S. W. 

Courſes S. S. E. 32 Miles, S. S. E. 4 E. 27 Miles, S. by E. 25. 
Miles, S. 31 Miles, S. S. E. 39 Miles. d 

I demand the Latitude the Ship is in, her Departure from the Me- 
ridian, and upon what Courſe, and how far ſhe muſt ſail, to gain her. 
intended Port. 

| © Geometrically. 
Let 4 repreſent the Place of the Ship at Sea, A the proper 


Meridian, make AD equal to the Difference of Latitude, 250 Miles: 
- between. 


166 Navigation. 
between the firſt Station and the Port, and Perpendicular to it, draw 
PD equal to the Departure 180 Miles, then is P the Port the Ship 
is bound to, AP the direct Diſtance, and the Angle PAD the direct 
Courſe, (See Plate the 2d) 

And to find the Place of the Ship at the end of the ſeveral Courſes 
or which is the ſame thing, to lay down the ſcveral Runnings ot the 
Ship, proceed thus. | 

1. From A the Place of the Ship firſt given, draw Ab, the S. W. 
by W. Line, and ſet off upon it 27 Miles, from A to , then will 
A b repreſcnt the firſt Courſe, and 6 the Place of the Ship at the 
end of 1t. 

2. From b draw the Line bc, equal to 30 Miles, the ſecond 
Diſtance, and parallel to Q m the W. S. W. 3 W. Live, then will 
be the Place of the Ship ar the end of the ſccond Courſe. | 

3. From c draw cd, parallel to Q o, the W. by S. Line, and ſet 
ot upon it 25 Miles from c to d, then will d be the Place of the Ship 
at the end of the third Courſe. 

And proceeding in like manner, by drawing Lines from the Place 
laſt found, parallel to the ſeveral Rumb-Lines drawn in the Qua- 
drants, anſwering to the ſcveral Courſes, and equal in Leagth to the 
{everal Diſtances, upon each Courſe we ſhall have the ſeveral Courſes 
de, ef, fg, g h. hi, and ik, upon which the Ship has ſail'd, and 
E the place where the Ship is arrived at the end of them. | 

After this manner may the ſeveral Runnings of the Ship, in the former 
Traverſe be laid down Geometrically, F required. 

Laſtly, having drawn the Lines K A, XH, Perpendicular to AD, 
KR parallel to AD, or Perpendicular to PD, alſo the Line XP, then 
will KA be the neareſt Diſtance between the Ship and her firſt Sta- 
tion, K AHthe direct Courſe, KH the Departure ſhe has made Weſt, 
KR equal to DH, the Exceſs of 4D above AH, the Difference of 
Latitude between the Ship and her Port, in this Caſe Southerly ; 
PR the Difference between PD and DR, equal to X the Depar- 
ture Weſt, alſo KP the direct Diſtance between the Ship and her 
Port, and the Angle PXR the direct Courſe, upon which ſhe muſt 
ſail, if poſſible, to arrive at her intended Port. 

To find which by Calculation, the ſ:veral Differences Latitude 
and Departure, anſwering to-each particular Courſe and Diſtance, 
muſt firſt: be found and diſpoſed of as in the following Table, after 
the manner taught in the former Example, 7 

he 
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The Traverſe Table. 
3 Diſtances. : 

75 S. W. by W. —>— ——27 | — 15.00 — 22.44 

2. W. S. W. 2 W 30 — 8.71 — 28.70 

3. W. by 8. 25 — 4.88 — [24-51 
4. W. by N. — 18 | 3.51} — — 17-65] 

5. 8. S. E. 0 29.56 12.24 | — 

6. 8.S. E. 4 E ——— 27 | — 23.15 [13.88 | — 

7. S.by E. 25 | — 24.51 4.88 | — 

8. South — —3  - 31.00 — — 
9. S. S. E. 39 — 65.03 [14.92 | — 
—— 9 

3.51 -172.84/45.92 93.30 


| Dif of Lat.=169.33 Dep. 42.38 


The two S. S. E. Courſes might have been c:mpounded together 
and made one, and the anſwer would have been exactly the ſame. 
Hence ir is manifeſt, that the Ship is 47.38 Miles to the Weſt. 
ward, and 169.33 Miles to the Southward of her firſt Station, and 
therefore the whole Difference of Latitude is 25 49 733 Southerly, 
Wherefore, to find the Latitude the Ship is in, 2 
Becauſe ſhe ſail d trom a North Latitude Southerly. 


From the Latitude ſaild from —————;5 10 N. 
Take the Difference of Latitude made———— 2 49 ,33 Sly. 


Remains the Latitude the Ship isin ——.— 33 20 $52 
——— — 


To find the direct Courſe the Ship has ſail d it will | 
41h Caſe of Plain Sailing. | 5 1 . be, by the 


As 
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As the Difference of Latitude 169.33 


— 


— 9. 


* 


To the Departure 47.38 —— — 1 6755950 
So is the Radius ö —10.0000000 


——— 


To the Tangent of the Courſe 15 deg. 38 min. — 9.446861: 


Which becauſe the Difference of Latitude is Southerly, and De- 
parture Weſterly is S. 15* 38' W. or S. by W. 4* 23' W. and for the 
Diſtance it will be by the ſame Caſe. 

As the Sine of the Courſe 15 deg. 38 min. —— — 94305267 


— — — — 


To the Departure 47.38 — — 1.5675 5950 
So is the Radius — — — 10 ooooοοꝓ 
— 2.245068; 


— 


To the direct Diſtance ſaibd 175.8 


The next thing wanting to compleat the Traverſe, is to find the 
diſtance of the Ship from her intended Port, and upon what Courſe 
ſhe muſt ſail, if poſſible to gain it. 

And becauſe the Difference of Latitude between the Place of the 
Ship at her firſt Station, and her intended Port, is greater than the 


Difference of Latitude made, and both the ſame way. 


Miles. 


From the-Difference of Latitude firſt given — 250.00 Sly, 
Take the Difference of Latitude made - 169.33 Sly. 


——— 


Remains the Diſſerence of Latitude ſhe muſt make 80.67 Sly. 


— — 


Again, becauſe the Departure between the Place of the Ship in 
her firſt Station and the Port, exceeds the Departure made, and 


both are Weſterly. 
| . Miles ä 
From the Departure firſt given 180. 00 WIy. 
Take the Departure made — — 47.38 Wiy. 


Remains the Departure the Ship muſt make —— 3262 Wly. 


Hence 
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Hence and from the fourth Caſe of Plain Sailing, the Courſe and 


Diſtance may be eaſily had. For, | 
As the Difference of Latitude 80,679 — 


1. 9067121 


— — 


So is the Radius ——— —— ———— lo. ooooooo 


To the Tangent of the Courſe 58* 41' — — 10.2158969 


Which becauſe theDifference of Latitude is Southerly andDeparture 
Weſterly, is S. 58 deg. 41 min. W. or S. W by W. 2 deg. 26 min. W. 

Whence for the dire& Diſtance it will be, by the ſame Caſe, 

As the Sine of the Courſe 58 deg. 41 min. —— 99316143 


— — 


—— _ 


2.1226090 


— — 


— 


To the Departure 132 62 
So is the Radius 


To the direct Diſtance 155-2 — 


So that the Ship in ſailing 155-2 Miles, S. 58 deg 41 min. W. or 
8. W. by W. 2 deg. 26 W. will arrive at her intended Port. 

In the two former Examples, the Courſes given are {uppoſed to 
be true, that is, Corrected according to the Allowance made for the 
Leeway and Variation; and how that may be done, the Reader 
may ſee in Section rhe 6th Part the 5th, and therefore I ſhall conclude 
this uſeful Section with ſome few —_— adapted to the Practice, 
and give their Solution; leaving the Operation as an Exerciſe for 
the Young Practitioner. 

| Example 3. 


A Ship takes her Departure from a Cape or Head-Land, in the 
Latitude of 5 1 deg. 10 min. North, the Head-Land then Bearing by 
the Compaſs N. N. E. Diſtance by Eſtimation 7 Leagues, and ſails 
S. by E. 30 Miles, then S. E, by S. 37, then South 34, then S. W. 
32, then 8. by W. 25 ; the Variation of the Compaſs being 1 Point 
to the Weſtward : I demand the Latitude the Ship is in, her true 
Bearing and Diſtance from the Cape, and how far ſhe has departed 
from her former Meridian. | 

Z Anſwer, 
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2 Anfwer. 
The Latitude the Ship is in, is 
Her true Bearing from the Cape 
And direct Piſtance 
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n 48 3035N, 
—— 8.8 oo E. 
16 1 Miles 


_—_— 


Example 4. 

Being at Sea in the Latitude of 32* o North, 10 Leagues to 
the Southward of the Iſland I departed from, I found by a good Ob- 
ſervation that there was no Variation, and being bound to the South- 
Weſtward, I ſail'd upon the ſeveral Courſes and Diſtances following, 
the Wind as per Column, and allowing one Point Leeway ; I de- 
mand the Latitude the Ship is in, and her Bearing and Diſtance from 


the Iſland. 
| The Traverſe Table. 

1 Courſes.] Courſes Diff. of Lat. Departure. 
Winds. Steer'd. | Correct. Diſt.] N. S. E. . 
8. Wbys. 8. E. by S.] S. E | 16 — [11.31 [11.31] — 
| W. by N. W. N. W.] 38 [14.54] — | — 5.11 
S. S. W. S. E. 8. E. by E.] 20 | — 11.11 [16.63 | — 
OE | Weſt. [W. by N.] 40 7.80 | — | — 139.22 
S. W. S. S. E. |S. E. by S. 24 | — 19.96 [13.33 — 
W. by N. S. W. by SJ S. S. W. 48 | — 44.34 — [18.37 
| 22.34 [86.72 41.27 92.70 
1 22.34 41.27 
| | Diff. of Lat. 64.38 Dep. JI. 43 


Anſwer. 


Latitude the Ship is in 
Bearing from the Iſland 
Direct Diſtance from the Iſland —— 


Example. 


— 
2 


15 


30 55 55 North 
South 28926“ Weſt, 4 
-. 107.34 Miles. 


A Ship from the Latitude of 46* 40“ North, ſails the ſeveral 
Courſes and Diſtances following upon a Wind, the Wind as per Co- 
lumn, the Leeway 1 Point and Variation 13 Weſt ; I demand the 
Latitude the Ship is in, and her Bearing and Diſtance from her firſt 
Station. * 

e 
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The Træverſe Table. 

Courſes Courſes Dil. of Lat. Departure. 

Winds. Steer d.] Correct. Diſt. N. | S. | E. | W. 
W. N. W.] North. | N. 4 W. | 24 [23-97 | — | — | r.18| 
S. W. 8 by W. W. 37 — 34.84 — 12.47 

N. N. W. N. E. N. E. by NZEI 10741 ö — 6.72 
Weſt. 5 WbyW-1W 1 8.13 — 1718 

S. W. S. S. E. S. E. 3 E. 43 | — 128 8731.86 -— 
W. N. W. W. N- W. AW. 21 | 7.08] — — 19,77 

E. by N. N. by E. N. by W. à W. 19 [18.43] — | — | 462 

S. E by S 8. E. by S KE. 124 — 9.64 7.15 | — 

N. E. N. N. W. N. W. 4 W. 30 [20.15] — | — 22.23 

South, | E. S. E. E. by N.] E. 37 } 1.81] — 6695 — 


78.85 $1.48 $2.68 | 77.45 
7 77.45 


Diff. of Lat. 2.63 5.23 | Dev. | 


£ gel Anſwer. 

The Ship is in the Latitude of — —— 46* 37/553 North 
Her bearing from her firſt Station S. 63* 18 E. 

Her direct Diſtance — —-tͤ 5.8; Miles. 


Example 6. 


A Ship in the Latitude of 46 deg. 30 min. North, is bound to a 
Port in the Latitude of 50 deg- oo min. North, the Departure to the 
Eaſtward 158 Miles, the Variation 15 Weſt, - ſhe ſail'd on the direct 
Courſe 30 Miles, and then the Wind came up at North, and ſhe 
hauling up, went E. N. E. 56 Miles, and then the Wind being N. 
by E. ſne went away E. by N. 48 Miles, then the Wind was N. E. 
and ſhe Tack ' d and ſtood away N N. W. 44 Miles ſhe making on 
each Courſe 1 Point Leeway, then the Wind ſprung up fair at S. E. 
ſo ſhe ſail'd on her direct Courſe towards the Port 56 Miles, then the 
Wind coming to the N. E. by E. ſhe went away N. by W. 40 Miles, 
ſhe till making 1 Point Leeway, then the Wind came up fair. 1 
demand the Latitude the Ship is in, her Bearing and Diſtance from 
her former Station, and her direct Courſe and Diſtance to the Port. 


Auſwwer. 
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; Anſwer. , 
Latitude come into — - 49? 18” 3, North 
Bearing from her firſt Station — N. 27* 39“ Eaſt. 
Diſtance from her firſt Station- - 190-51 Miles. 
Direct Courſe to her Port— — N i. 59 21 Eaſt 
Direct Diſtance — $0.89 Miles. 
Example 7. | 


Being at dea, and by a good Obſervation at Noon, I find the Ship 
to be in the Latitude of 47 deg. 30 min. North, having then run by 
Account 210 Miles to the Weſtward of the Port I ſailed from, (which 
was in the Latitude of 50 deg. oo min. North) and being then bound 
to a Port in che Latitude ot 43 deg. to min. N. and likewiſe 180 Miles 
to the Weſtward of the Port I failed from, and having the Wind 
at S. S. E, S. and S. W. was obliged to ſteer the following Courſes, 
Eaſt 5o Miles, then S. W. 54 Miles, then E. S E. 67 Miles, then 
W.S-W. 80 Miles, then S'S E. 50 Miles, ſhe making on each Courſe 
1: Point Leeway, the Variation being one Point Weſtward, and then 
the Wind ſprung up fair at N. N. W. I demand the Latitude the Ship 
is in, her Bearing and Diſtance from her firſt Station to the Port ſne 
ſail'd from, her direct Courſe and Diſtance from her firſt Station, to 
t he Place ſhe is now in; alſo, her Bearing and Diſtance from the 
Station ſhe is now in, to the Port ſhe firſt ſail'd from, and upon what 
Courſe ſhe mult ſail, and how far, to arrive at the Port ſhe is bound to. 

Anſwer. 
The Ship is in the Latitude of- ——— 46* zo“? North 
Bearing from her firſt Station to the Port ſhe > 

ſail'd from | | 5 S. 54 28 Welt. 
Diſtance from her firſt Station to the Port ſhe a 

ſaild from * 2 | c 258.1 Miles 
Her Courſe from her firſt Station to the Place "YE 

ſhe is now in — 72 — = FE 7 
Her Diſtance from her firſt Station to the Au.: 

Place ſhe - now in : 66.76 Miles 
Her Bearing from the Port ſhe ſail'd from, to o „„ 

the Place ſhe is now in 4 8 S. 40 33 Welt 
Her Diſtance from the Port ſhe ſail'd from, to? a 
the Place ſhe is now in — *F 275-13 Miles 
Her direct Courſe from the Place ſhe is now 7 S. 00? 19' Welt or 
in, to the Port 55 is bound to ——— due South fere. 
Her direct Diſtance from the Place ſhe is now A: 
in, to the Port ſhe is bound to — N _ 


—— — 


— 
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ATITUDE aud DEPARTURE 


—— 

of L 17 
[Bir Deg. | 2 Deg. | 5 Point} 3 Deg 4 Deg. C 
ps | eee —ů | —ñ—ü — — , W — — — 
Tati De Lat Dep | Lat] Deb] Lat Dep | Lat | Dep F 
III 5r.oj Floors [59.9105 1 52.9] 9247 | 509 7 3.6 ; 
52] 52.01 90-9 [52-0 ol. 8 | 51.9 fozs | FI-9] 02.7 [J [93-6 5 
$3] 53.0] 00-9 [53-2 | 01.8 | 52-9 102.6 [52.5 02.8 [52.9 [03.7 5 
54] 54.05 90-9 154-9] 01.9 | 53-2] 92.6 [53-9 02.3 [53.9 [03.8 5+ 
55] 55.04 91-05 5-9 | Og | 54-9] 92.7 54.9 02.9 [54-9 | 93.3 5 
56 55.8 el 56.0 2.9 J57.902.7 $55 02.2 [55-9 | 93-9 5 
57] 57.0191-0Þ57-9] 02.0 | 56.9] 0245 | 56-9] 93-0 56.9 | 94-0 57 
58] 58.00 91.0]535-9] 02.9 | 57-9 a2.3 157.9] 03-0 | 57-9 | 94-1 7 
59 J. 5.5.1 58-9] 02-9 | 58-9] 03-1 | 53.8 [41 95 
60] 60.c401.0160.0] 02.1 | 59-9] 02.9 | 59.9] 03-1 | 59-8 | 94-2 6 
61] 61.c401-1161.0] 02.1 | 60.9] 03.0 6 9 03-2 | 60.8 | 04-3 6 
62 62.001. 152.00 02.2 | 61-9] 03.0 [61-9] 93-3 [61.8 | 04-3 6. 
3.0] 02.2 | 62 9103.1 [52-9] 03.3 [62.8 [04.4 6 
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40.0 [45-3 [493 14 6141-7 [43-9] 42-4 (43-11 43-1 | 61], 
40-7 [46-1 41.5 45-3 [+23 [44-5143-1 .43-9] 43-8 | 62 
41-3]46-8 {42-2 46.130 [a5 3[43-8 44.5445 | 7: 
42.0147.5 142.8 45-3$143-6 146.0 +4 F 445-3 ; ; 
42.5 48.3 043.8 | 6 [47-5 [44-3 [45-8 | 45-1 (4.0 
43-3]49-9 | 44-2] 8.34 [47-5 [45-8 [46-7 
44-91 42.8 | 44-8 49-0 | 45-7 48.246. 47.4 
44-6150-5 [45-5 5-7 142-7 [45:4 $48.9] 47-2 {48.1 
45-3151-3146.2 FO+F [47.L 149.6 47.91488 
45-9152.0 | 46-8 FI-2147-7 [50 3] 43-65 42-5 
46.6]52.8[47.5 51.9|48.4 [51-11 49.31590.2 
47-215 3-5 148-2 574,1 [51.850.509 
47.9 (4-21 45.8 53-4 49.3 52.5 50.7 51.6 
3:9;58.6 61.9979. 
63˙6 55.362650. 61.5 
64-4 60.0 [63.3 [61.1 62.2 
55. 1060.7 64.0 61.8 629 
65.8 61.4 | 64-7 62.563. 8 
66*5 62.1 [65.13.21 64-3 
67.3 62.7 66.263.965. 0 
24 63.0 634 66.9 46 65.8 
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Of the Nature and Uſe of the preceding Table. 


OR the more ready working of a Traverſe, in order to find 

| the Place of the Ship at all times, the preceding Table has been 

Inſerted made according to Caſe the 1/t of Plain Sailing, ſhewing the 

Difference of Latitude and Departure, to every Degree, Point, and 

Quarter Point of the Compaſs, the diſtance from x Mile to 100, 

and may be made to ſerve for any other diſtance, provided it be firſt 
divided into parts not exceeding the Limits of the Table. 

At the Head that is in the uppermoſt Rank, are placed the 
Courſes beginning from x degree and proceeding on through the 
:ſeveral Degrees, Points, and Quarter Points to 45 Degrees, and at 
the foot or in the lowermoſt Rank but one, are placed the Degrees, 
Points, and Quarter Points of the remaining half of the Quadrant, 
that is from 45 Degrees to 90. 

In the two outmoſt Columns of each Page, are placed the 
Diſtances, the Table on the Left-band Page begining at 1 Mile, and 
continuing to 50; and that on the Right-hand Page begining where 
the other left off, viz. 50, and going on to 100. 

And in the common Area, that is directly under the Courſe, and 
againſt the Diſtances are placed the Differences, or Alterations of 
Latitude and Departure, correſponding with, or anſwering to the 
reſpective Courſes and Diſtances. 4 

in A few Examples will make it plainer. 

Example. the 1ft. 

If the Courſe were N. E. by N. +Eaſterly, and Diſtance 76, and 
the Difference of Latitude and Departure were required. 

On the Right-hand' Page (becauſe the Diſtance is above 50) 
find the Diſtance 76; and at the Top (becauſe the Courſe is lels 
than 4 Points, or 45 Degrees) look for the Courſe 3 + Points, and 
right under it, and againſt 76, the Diſtance ſail'd will be found in the 
Column Lat. 58.7, for the Difference of Latitude and in the Column 
* 8.2, for the Departure. : 

the Courſe had been N. E. + Eaſterly, and the Diſtance as be- 
fore 76, then muſt the Courſe have been ſought for at the bottom, 
and the Difference of Latitude would have been found 48.2, and the 
Departure 58. C Example 
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Example. the 2d. | 


Suppoſe a Ships Courſe N. E. by N.; Eaſterly, and the Diſtance 176. 

On the Right-hand Page at the Top find out the Courſe 3 Points, 
and againſt the Diſtance 100, you will find the Pifference of Lati- 
tude 77.3, and Departure 63.4: Again, find out 76 the remaining 
part of the Diſtance under the Column Di#?, right againſt it, and in 
the Column under 3 Points you will find 58.7, for the Difference of 
Latitude, and 48.2, for the Departure; now the Sum of this Diffe- 
rence of Latitude and the Difference of Latitude before found, 136 
will be the Difference ot Latitude required; alſo the Sum of the 


Departures 1 14.6, is the Departure ſought, 
Example the 3d. 


Suppoſe a Ship ſail South 36 deg. 30 min. Eaſterly, 45 Miles, and 
the Difference of Latitude and Departure were required. 

Having found the Diſtance failed in the Left-hand Page, becauſe. 
the Courſe cannot be found exactly, ſeek the Difference of Latitude 
36.4 under the next leſs, wiz. 36, alſo the Difference of Latitude 
35.9, under the next greater, viz. 37 ; then ſay as the Difference of 
the Tabular Courſes 6o min. to the Difference of the Tabular Diffe- 
rences of Latitude 5, fo is the Exceſs of the Courle given 30 min. a- 
bove the next leſs Tabular Courſe, to 25 ; which fuübſtracted from 
36.4 the Difference of Latitude belonging to 36 degrees, gives 36 15, 
the Difference of Latitude ſought : After the ſame manner the De- 


parture will be found to be 26.75, and ſo for any other. | 
In like manner, if the Diſtance were a Fractional Part, then the 


Difference ot Latitude and Departure under the ſame Courſe muſt be 
found, to the two next Extream Diſtances, and Proportion made 
accordingly» | 
Example. : 
Let the Courſe be S. S. E. Eaſterly, and the Diſtance 44.75 Miles. 
In the Left-hand Column againſt 44 Miles, the next leſs whole 
Number to the Diſtance, and under 23 Points, ſind the Difference 
of Latitude 38.8 ; likewiſe in the fame Column againſt 45, the next 
Integer fiad the Correſpondent Difference of Latitude 39.7 : Then 
ſay as 100 to g the Difference of the Tabular Numbers, ſo is 75 the 
Exceſs of the given Diſtance above 44 Miles to 58, or 53 almoſt, 
Which therefore added to the Difference of Latitude 38.8, correſpond- 


ing — 44 Miles gives 39.5 nearly, the true Difference of 3 
d n 
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In like manner for the Departure, ſay as 100 to 5 the Difference 
of the Tabular Departures, anſwering to 44 and 45 Miles, ſo is 75 
to 1855, or 75 ncarly, which therefore added to the Departure 20,7, 

anſwering to 44 Miles gives 21.1 nearly, the Departure ſought. 

Or Having found the Difference of Latitude 38.8, anſwering to 
the Diſtance 44, under 23 Points in the ſame Column againſt 7, you 
will have 62; alſo againſt 5 in the ſame Column, you will have. ogg, 
the Sum therefore of theſe three will give 39.464, the true Difference 
of Latitude, agreeing nearly with, 5 more exact than the former. 

Alſo, having found the Departure 20.7, anſwering to the Diſtance 
44 Miles, in the ſame Column right againſt 7 you will have 33, 
and againſt 5 in the ſame Column of Dep. you will have .024, the 
Sum of theſe three Dep. will be 21.054, the true Departure, agree- 
ing nearly with, but more exact than the former, 

After the ſame manner, may the Difference of Latitude and De- 

arture be found, anſwering to any gwen Courſe and Diſtance, and 
therefore I ſhall give only one ſmall Traverſe, with its Solution, and 
leave the Operation to exerciſe the Young Student. 

Admit a Ship at Sea in the Latitude of 34 3o' North, ſail away 
N. by E. 35, N. N. E. 4 Eaſterly 27, N. E. 32, N. E. by E. Eaſter- 
ly 40, E. N. E. 1 Eaſterly 50, and it be required to find what 
Latitude ſhe is in, and how much ſhe has departed from her firſt 
Meridian. 3 | | 

Having made a Table, and placed the Courſes and Diſtances in 
the Subſequent Manner; the Differences of Latitude and Departure 
will be found as follows. J 254 i een = 


% 


= | The Traverſe Table. 
3 er | | Diff. of Lat 5 eparture.. | 
Courſes. bn N. [8. EV. 
N. by E————— 35 | 343 — 88 — 
N. N. E. 5 E—- — 27 244 — 11.5 — 
N. E. — . — 132 | 22.6] — | 22.6] — 
N. E. by E. 4 E. — 40 | 18.9} — 37324 — 
| E. N. E. 4 E. | = 50 | 12.1] — | 48.5 | — 
E. il of Lat. 12]. Dep. 124. 


F 
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Hence it appears that ſhe has departed from her firſt Meridian 


124.7 Miles, and altered her Latitude 112.3 Miles, wherefore to 
find the Latitude ſhe is in. Becauſe ſhe ſailed from a North Latitude 


Northerly. 


To the Latitude ſail'd from 34 : 30 N. 
Add the Difference of Latitude reduced 1: 5273Nly. 


The Sum is the Latitude ſhe is in —— 


By the help of this Table, all the ſeveral Caſes of Plain Sailing 
may be eaſily reſolved ; but this being a little Forreign to the preſent 
Buſineſs, and not the deſign for which theſe Tables were Ca lcula- 


ted, we ſhall pals it by. 
 LASSSALASASIASSIAAIAASASAAASAAAASASAS ALY 


- Section IV. 


Containing the Doctrine of Oblique-angled Plain Triangles 
applied to Problems of Sailing. 


HE varietyof Queſtions that may be propoſed under this Head, 
being in a manner innumerable, I ſhall ſelect out ſuch only as 


may be of Uſe in the Practice of Navigation. 


Caſe 1. 


Coaſting along the ſhoreI ſaw a Cape of Land, which bore from 
me N. by E. then I ſtood away W. N. W. 5 Leagues or 15 Miles, 
and the ſame Cape bore from me N. E. + E. Tdemand the Di- 
ſtance from the Ship in her laſt Station to the Cape. 


D d Ceome- 


Navigation. 
Geometrically. | 
1. Having drawn the Compaſs N 


D E, S, W; let A repreſent the place 

N of the Ship in her firſt Seatica. * 

hs b draw the W. N. W. Line AC, equal to 
554 15 Miles, then will C be the place of 


the Ship in her ſecond Station. 


W * 
. * 2. From C draw the Line CB, pa- 
5 rallel to the N. E. 2 E. Line, till it 
TS meet the N. by E. Line AB in B, then 
will B repreſent the Cape of Land, and CB the diſtance of the Ship 
from the Cape, at her ſecond Station 
To find which by Calculation, in the Triangle ABC are given, 
AC equal to 15 Miles, the Angle A equal to 78 deg. 45 min. equa! 
to 7 Points, equal to the diſtance between the N. by E. and W. N. 
W. the Angle B equal to 39 deg. 22 min. 2, equal to 32 Points, e- 
qual to the diſtance between the N. by E. and the N. E. 3 E. and 
the Angle C equal to 61 deg. 52 min. 2, equal to 5+ Point, equal to 
the diſtance between the W. N. W. and the S. W. 2 W. whence 
to find the Diſtance CB it will be, by the 2d Caſe of Sect. the 5th of 


Trigonometry. 


S. ABC: AC: : S. BAC: CB, That is, 


As the Sine of the Angle at B=39" 22'; —9.8023585 
To the Diſtance Run AC=1 5 —— 1.176091} 
So is the Sine of the Angle at A=78.45* = 9.9915739 


To the diſtance between the Ship and the Cape 23-19—1.3653067 


If the diſtance of the Ship in her firſt Station from the Cape be 
required, it will be by the 2d Caſe of Sect. che 5th of Trigonometry. 
S. ABC: AC:: S. ACB: AB. That is, 


As the Sine of the Angle at B==39* 22 2 ——9.8023583 
To the Dita Run AC= I5 -I.1760913 
So is the Sine of the Angle at C 61 52' j—— 9.9454298 


—— MB — _—— 


To the Diſtance required AB=20,85 Miles- — 1.3191626 


This Solution will ſerve for various other 32 dreſſed up 
after different manners, of which I ſhall give aztew Examples to in- 
large the Learners way of thinking. 

1. Being at Sea Iſau two Headlands, whoſe bearing from one another 
T find by the Chart to be S. S. E. and W. N. W. diſtance 5 Leagues or 
15 Miles, the Northermost bore from me S. W. 2 W. the Southermoſt 
S. by W. Idemand my Diſtance to each of the Headlands. 


Anſwer, 


My Diſtance from the Northermoſt Headland, is 23.19 Miles or 
8 Leagues nearly, and from the Sonthermoſt, 20.85 Miles or 7 
Leagues nearly, 

This laſt Queſtion and the firſt Caſe, are of Uſe for finding 
the Diſtance from a Headland, Oc. when a Ship is about to*take her 
Departure from the Land. 

2. Two Ships ſail from the ſame Port, the one ſails W. N. W. 5 
Leagues or 15 Miles, the other ſails N. by E. ſo far until ſhe finds the 
firſt Ship to bear S. W. : W. I demand the ſecond Ships Diſtance from 
the Port, and the Diſtance between the two Ships. 


Anſwer. | 


The ſecond Ships Diſtance from the Port is 20.85 Miles or 57 
Leagues, nearly and the Diſtance between the two Ships is 23.19 
Miles or 8 Leagues nearly. 

3. A Ship under ſail diſcovers a dangerous Shole, and finds it to bear 
from a Mark on the Shore W. by S. then ſailing W. N. W. 5 Leagues, 
finds the Mark to bear N. E E. I demand the diſtance from the 
the Mark on the Shore, to the dangerous Shole | 


| Anſwer. 
The Diſtance between the Mark on Shore and the dangerous 


Shole, is 20.85 Miles or 7 nearly Leagues. 

4. There are three Iſlands in fight of each other, a Ship at A finds B 
to bear N. by E. and C, W. N. W. then ſailing 5 Leagues or 15 Miles 
to C. finds B. to bear N. E. E. I demand the Diftance from A to B, 
and from B to C. : 


Dd 2 An- 
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Anſwer. 


The Diſtance from A to B 20.85 Miles or 7 Leagues, nearly and 
the Diſtance from B to C, is 23. 19 Miles or 8 Leagues, nearly. 
5. There are two Ports that lie N. by E. and S. by W. a Ship from the 
Sout her moſt ſails W. N. W. 5 Leagues or 15 Miles, another ſails from 
the Northermoſt S. W.+ W. and then meets the firſt Ship. I demand 
the Diſtance between theſe two Ports, and the ſecond Ships diſtance ſail d. 


Anſwer, 


The Diſtance between the two Ports is 20.85 Miles or 7 Leagues, 
and the ſecond Ships Diſtance ſail'd is 23.19 Miles or 8 Leagues, 


nearly. | | 


Caſe II: 


Coaſting along the Shore I ſee two Headlands, the firſt bears 
from me N. W. by N. diſtance by Eſtimation 5 Leagues or 15 Miles, 
the ſecond bears from me S. W. Diſtance 64 Leagues or 19 Miles. 

I demand the Bearing and Diſtance between the two Headlands. 


Geometrically.. 


and draw the N. W. by N. Line AB, equal 
E to 15 Miles, alſo the S W. Line AC, equal 
to 19 Miles, and joyn the Points B and C, 
then will EC be the mutual Diſtance, and 


r de Angle B the Bearing from the N. W. 
- by N. Line. 


. 1. Having drawn the Compaſs N, E, 8, 
W. Let Arepreſent the place of the Ship, 
Z 


G 

To find hills by Calculation, in the Triangle ABC are given, 
'AB=15, AC=19, and the Angle at A equal to the Diſtance be- 
tween the N. W. by N. and the S. W. equal to 9 Points, or 101 deg. 
15 min. whence to find the Angles at B, &c. it will be by the 3, 
Caſe of Oblique-angled Plain Triangles... © F 
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As the Sum of the Sides AC and AB=34. — 1.53 14789 
To their man N 4 Fer- 4” - — 0.6020600 
t of halt t t les B 

ieee er ad eiint p.9 O10 


To the Tangent of half their Difference 5 3s —8.9847543 


— —— 


Which added to 39 22.2, gives the Angle at B=44* 53', whence 
the Bearing of B, the firſt Headland, from C the ſecond Headland, 
will be N. 11 08 E. or N. by E. nearly, and conſequently the 
Bearing of the ſecond from the firſt, will be S. 117 O8 W. or S. 
by W. nearly. | | | 

Whence to find the mutual Diſtance BC it will be, by the 24 Caſe 
of Oblique-angled Plain Triangles. 


As the Sine of the Angle at B=44.5 3 —— 98485989 
Io the Diſtance AC=19- 12787536 
So is the Sine of the Angle at 4= 101 15 ——9.9915739 


- 1.4217286 


To the mutual Diſtance BC=26.41 Miles 


| — —Lj4⸗ 


F This Solution will likewiſe give Anſwers to the ſeveral Queſtions 
ollowing. | 

1- There are two INlands B and C, a Ship from the Northermoſt ſails 

8. E. by S. 15 Miles, another from the Southermoſt ſails N. E. 19 Miles 

and meets the former. I demand the Bearing and Diſtance between the 

0 Hands. : | 


Anſwer.” 


The Iſlands bear from each other N. by E. or S. by Wi nearly 

Diſtance 26.41 Miles ? 

2. Two Ships ſail from the ſame Road, the one ſails N. W. by N. 15 

Miles, the other ſails S. W. 19 Miles. I demand their Bearing and 

Diſtance. 2 
Anſwer. 


Their Bearing is N. by E. and 8. by W. fere. Diſtance 26.41 
Miles. 
5 3. 4 
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3. A Ship from a certain Port ſails S. E. by S. 15 Miles, then S. W. 
19 Miles; I demand the direct Courſe and Diſtance back again io the 


Port. | 
| An ſuer. 
The direct Courſe N. by E. Diſtance 26.41 Miles. 
Caſe III. 


Coaſting along the Shore I ſce two Headlands, the firſt bears from 
me N. N. W. the ſecond N. N. E. 3 Eaſterly, then ſtanding awa 
E. by N.! Northerly 16 Miles, the firſt bears from me W. N. W. 
the ſecond N. W. by N. 4 Weſterly: I demand the Bearing and Di- 
ſtance of the two Headlands · | | 


Geometrically. 


1. Having drawn the Compaſs N, E, 
S, W. Let A repreſent the place of the 
Ship, from whence draw the N. N. E. + 
E. Line AD, the N. N. W. Line AC},and 
the E. by N. 2 N. Line AB=16 Miles. 


2. From B draw the Line BD parallel 
to the W. N. W. where this interſe&s the 


W A E N. N. W. as in D, gives the firſt Head- 
I. 

3. Alſo, from the B draw the Line BC, 

5 parallel to the N W. by N. 4 W. where 


this interſects the N. N. E. 4 E. Line, as 
in C, gives the ſecond Headland. 

4. ſoyn the Points D and C by the Right Line DC, then will DC 
be the mutual Diſtance between the Headlands, and the Angie ADC 
the Bearing from the N. N. W. Line, to find which by Calculation, 
1. In the Triangle ABD are given, the Angle DAB equal to 8, 
Points, equal 95 37' f, the Diſtance between the N. N. W. and 

E. N. E. E.; the Angle ABD equal to 3; Points, equal to 39 
22':, equal to the Diſtance between the E. S. E. and E. by N. 2 N. 
the Angle ADB equal to 4 Points, equal to 45 oo', equal to the 


Diſtance between the N. N. W. and W. N. W. and the Side 4B A 
| qua 
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qual to 16 Miles; whence to find the Diſtance AD it will be, by 
the 2d Caſe of Se#. the 5th Part the 2d. 
As the Sine of the Angle ADB =45? oo —9.8494850 


To the Diſtance Run AB=16 Miles 8 


So is the Sine of the. Angle ABD=39® 22' + ——— 9.8023 585 


— p — 


To the Diſtance AD=14.35 — 1. 1569935 
Or the Diſtance between the Ship in her firſt Station, and the 
firſt Headland. 


2. Again, in the Triangle ABC are given, the Angle BAC equal 
to 3 } Points, equal to 42 deg. 11 min. equal to the Diſtance be- 
tween the N. N. E. 4 E. and the E. N. E. 3 E. the Angle 4BC 
equal to 6 4 Points, equal to 70 deg. 19 min. equal to the Diſtance 
between the E. N. E. 4 E. and the S. E. by S. 4 E. the Angle 4CB 
equal to 6 Points, equal to 67 deg. 30 min. equal ro the Diſtance 
between the N. N. E. ; E. and the N. W. by N. + W. and the Di- 
ſtance AB equal to 16 Miles; whence to find the Diſtance 40, be- 
tween the Ship in her firſt Station and the ſecond Headland, it 
will be by the 2d Caſe of 0b/:que-angled Plain Triangles. 


As the Sine of the Angle ACB= 67? 30 —9.9656153 
To the Diſtance ſail'd AB=16—— 1.2041 200 
So is the Sine of the Angle ABC=70? 19 9.9738519 
To the Diſtance AC equal to 16.31 Miles——— 1.2123566 


After the ſame manner, may the Diſtances of the Ship in her ſe- 
cond Station, from each of the Headlands be found, if required. 

3. In the Triangle ADC are given, the Angle DAC equal 4 
Points, equal 53 deg. 26 min. equal to the Diſtance between the 
N. N. W. and the N. N. E. 5 E. the Side AD=14.35 Miles, and 
the Side 40 = 16.3 1 Miles; whence to find the Angle ADC, after 
the manner taught in the 57% Caſe of Oblique- angled Plain Triangles. 


From the Logarithm of AC + the Radius 11.2123566 
Take the Logarithm of AD the leſſer Side — 1.156993 5 
The Arch anſwering to the Remaining Tang. - — 10.0553 6 31 


is 48" 38'% — 
: rom 
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From which taking away 45 oo', it will be, | 
As the Radius — —äů—— — — — 7000006 
— — —— 


To the Tangent of the Remainder 3 38' j————8 8037619 
So is. the Tangent of halt the Sum of the Angles $10 We IM 
ADC, ACB, =63.17 nm $ 299103 


To the Tangent of half their Difference=7* 12'——9.1019245 


— 
— — 


Which added to the half Sum 63* 17, gives 70" 29' for the Angle 
ADC; whence the firſt Port bears from the ſecond S. 87? o W. or 
W. by S. 4 W. nearly, and conſequently the ſecond bears from the 
firſt N. 879 or' E. or E. by N. 4 E. Whence for their mutual 
Diſtance DC, it will be, 9 3 

As the Sine of the Angle ADC 70 deg. 29 min. — 9. 9743018 


To the Diſtance AC 16.32Wh ——————1.2123566 
So is the Sine of the Angle DAC=5 3* 26 ————=9.9048043 
To the mutual Diſtance DC 13. 90. —1.1428591 


— 


After the ſame manner, may the mutual Bearing and Diſtances of 
three or more Headlands be found. 

This and the firſt Caſe, are of great Uſe in drawing the Plot of 
any Harbour, or in lay ing down * Sea-Coaſt. | 

This|Solation will give an Anſwer to the following Queſtion be- 
ing of the ſame Nature with the fofmer, but expreſſed in other Words. 


Three Ships ſail from one Port, the firſt ſails N. N. W. the ſecond 
N. N. E. 4 E. the third E. by N. 2 N. 16 Miles, then the firſt bears 
from the third W. N. W. the ſecond bears from the third N. W. by N. 
+ W. I demand the firſt and ſecond Ships Diſtance ſail d, and their 
Bearing and Diſtance from each other. 


Anſwer. 


The firſt Ships Diſtance faild is 14.35 Miles, the ſecond Ships 
Diſtance ſail'd is 16.31 Miles, their Bearing is W. by S. 4 W. or E. 


by N. 2 E. nearly; and their mutual Diſtance 13.9 Miles Bp 
| aſc 
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Coaſting along the Shore at S, I ſee three 
Headlands, whoſe mutual Diſtances I know, viz. 
AC=12 Miles, AB=9 Miles, BC=6 Miles, 
and find the firſt A, to bear from me N N. V. 
the ſecond B, N. by E. and the third C, IV. E. by 
N. I demand the diſtance from the Ship at 5, 
to each of the Headlands, 4, B, and C. 


* 
„ Geometrically, 


1. Having form'd the Triangle ABC, with the three given Sides, 
viz. AC-12, AB=9, BC=6, from the Point C Raw the Line 
CD, forming an Angle with the Line CA cqual'to 33 deg 45 min. 
equal to 3 Points, the diſtance between the IN. N. . and N by E. 
alſo from the Point A draw AD forming an Angle of 22 deg. 30 min- 
© equal to 2 Points, the diſtance between the N by E and NE. by N. 
2. About the Triangle ADC deſcribe a Circle (by the 19th of the 
14th) and draw the Line BD, till it meet the Circumference in 5, 
from whence to the Points A and C, draw the Lines SA, and SC, 
then will S be the place of the Ship, and conſequently the ſeveral 
Lines SA, SB and SC, the ſeveral diſtances from the Ship to the ſeve- 
ral Headlangs A, B, and C, to find each of which by Calculation, 
1- In the Triangle ABC are given the three Sides, 4C=12, AB 
=9, BC=6, whence to find the Angle BAC by the 6th Caſe of Set?- 
the 5th of Trigonometry. 
To the Arithmetical Complement of 4C=1 2 $-9208188 
Add the Arithmetical Complement of 4B =9 90457575 
Alſo the Log. of half the Sum of the Sides 13.5 ———1-1303338 


And the Logarithm of the Remainder 7.59 ——————0.8750613 
Half the Sum of theſe 4 Log. will give | 19.9719714 
the Co-fine of 14 deg: 29 min. which doubled — 
gives 28 58' equal to the Angle BAC —9-985 9857 


From BAC=28* 58', take CAD= (bythe 11th) CSD=22* 30, 
and there will remain BAD 28'. xl 305 
Ze | >. In 
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2. In the Triangle ADC are given, Ac 12, the Angle A(b 
the 11th) DSC=22' 30', the Angle C= (n the. ſame) DSA=33® 45/ 
and the Angle D=123" 45', whence to find AD it will be by the 


2d Caſe of Sect. the 5th of Trigonometry. | 
As the Sine of the Angle ADC=123" 45 /—————9.9198464 


To the Diſtance AC=r 2——————- — 1,0791812 
So is the Sine of the Angle ACD=33* 45'———— 9.7447390 
To the Side AD=8.018——————— 0.904078 


2. In the Triangle ABD are given, AB=9, AD=*.018, and the 


Angle BAD=6 deg. 28 min. whence to find the Angles ADB, and 


ABD, it will be, by the 4th Caſe of Sef. the 51h of Trigonometry. 
As the Sum of the Sides AB, AD, =17.018 ——— 1230908; 
To their Difference o. 982 9.992111 

So is the Tangent of half the Angles D and BS 86 46 112480108 


To the Tangent of half their Difference 45 37 10.0092 138 
| | * 


Which ſubtracted from 86 deg. 46 min, leaves 41 deg. og 
min. equal to the Angle ABS, to which if the Angle DAB 
6 deg. 28 min. be added tne Sum 47 deg. 37 min. will give the An- 
gle ADS, equal to the Angle ACS (by be 1 1th.) 

4. In the Triangle ABS are given, the Angle ASD=3 deg. 
45 min- the Angle ABS=41 deg. og min the Angle BAS: 105 deg. 
os min and the Side AB 9. Whence, | 

1. To find AS the diſtance between the Ship and the firſt Head- 
land A, it will be by Caſe the 2d of Sect. the 5th of Trigonometr). 


As the Sine of the Angle ASB=33" 45 9.74473 90 
To the Diſtance AB =9 0.9542425 

So is the Sine of the Angle ABS=41* og'— 9.8182474 
To the Diſtance AS=10.66 Miles _ — 1. 0277509 

\ ” , 0 — 

2. To find SB, the diſtance between the Ship and the ſecond 

Headland, it will be (by the ſame.) | 15 

| | : 
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As the Sine of the Angle ASB=33* 45'——————9 7447399 
To the Diſtance ABN — 4 
So is the Sine of the Angle SAB= 105* 06 —— 9.9847490 
To the Diſtance SB=r15.64 Miles 11942435 


— —— — 


3. To find the Diſtance SC, between the Ship and the third 
Headland, in the Triangle SAC are given. ASC=56 deg. 15 min. 
the Angle SAC equal to 76 deg. 08 min. and the Side AC equal to 
12, whence it will be (by the ſame.) 2 

As the Sine of the Angle CSA=56* 15" — 99198464 


To the Diſtance AC=12 —- b | 
So is the Sine of the Angle SAC=76* o 


To the Diſtance SC g 14.01 Miles 


The ſeveral Varieties of this Caſe, ariſing from the different Po- 
ſitions or Scituations of the Point 8, or place of the Ship, are very 
eaſily accgunted for by any who is Maſter of this Solution For if 
the PointS or place of the Ship, had been in the Point D, the Con- 
 ftruftioa would have been in a manner the ſame, v. by making the 
Angles ACS and CAS, equal to the reſpective Angles ADS, CDS, 
Cc. and the Arithmerical Solution the ſame ; and the ſeveral Di- 
ſtances from the Ship at D to the ſeveral Headlands, world have 
been as follows, AD equal to 8.02 Miles, DB equal to 1 37 Miles, 
and DC equal to 5.52 Miles. | 

It the Point S or place of the Ship, had been in E, the Caſe would 
have been much more eaſy, and the diſtance from the Ship to the firſt 
Headland A, would have been found to be 6.29 Miles. to the ſe- 
cond Headland B 4.63 Miles, to the third Headland C 5:52 Miles, &c 

In the general Conſtruction of this Caſe, the Circles might have 
been carried thro' the Points D, A, and B, or thro? the Points D, B 
and C, and the Calculation would have been exactly after the ſame 
manner. 45 k 
This Caſe where it can be applied, is of extraordinary great Uſe 
in drawing of Maps of Countrys, or in laying down of Sands, Rocks, 
or Sholes, in Sea-Charts ; inaſmuch as it is done at one Station, or 
by one ſingle Obſervatlon. 2 8 ; 

Ee 2 And 


1.791812 
—9. 9871549 


— 11464897 


— — 


— 
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And fince I am upon the Buſineſs of meaſuring Inacceſſable Di- 
ſtances, I cannot bur recommend one way, which without Diſpute 
when it can be put in Practice, is the moſt Eaſy and Expeditious 
way hitherto known, and that is by firing of Great Guns. 

It has been determined many Years ago, by the Reverend and 
Learned Mr. Flamſteed, His Majeſty's Aſtronomer at Greenwich, by 
ſeveral Experiments made with a large Chamber, let off from the 
Top of Shooters-Hill, which is diſtant from the Royal Obſervatory a- 
bout three Miles within a {mail matter; that Sound travels at the 
Rare of 1142 Feet in one Second of Time, and this by repeated 
Trials was found to be the ſame, whether the Sound went with or 
againſt the Wind ; or at leaſt the Difference was ſo ſmall as not to 
be diſcoverable. | 

A Statute Mile contains 5280 Foor, and conſequently a Sound 
requires 4.623 Seconds, or 9-246 half Seconds, or 94 half Seconds, 
to travel an Engliſh Mile. 3 

A Degree of a Great Circle, by the moſt accurate Obſervations, 
contains 69-14 Engliſh or Statute Miles. * 

And becauſe a Geographical or Nautical Mile, is 55 part of a De- 
gree, it follows, that an Engliſh Mile is to a Geographical or Nauti- 
cal Mile, as 60 to 69.12. - 2 

Wherefore, as 60 to 69 12, ſo is 4.623 Seconds, the time that 
Sound requires to travel an Engliſh Mile, to 5-326 Seconds; the 
time that it requires to travel a Geographical or Nautical Mile. 
Again, becauſe every League contains three Nautical Miles, there- 
fore Sound requires 15,975 Seconds, or 16 Seconds nearly, to travel 
a Nautical League. | « 

Wherefore, as 1 to 5.326, ſo is any given diſtance in Miles, to 
the time that Sound will require to move over that diſtance ; or as 
1 to 16, ſo is the diſtance given in Leagues, to the time that the 
Sound will require to arrive at the given Place. On the contrary, 

As 5.326 to 1, ſo is the number of Seconds between the time 
that a Sound is generated, and the time that it arrives at any given 
Place, to the diſtance between thoſe two Places in Miles; or as 16 
to 1, fo is the number ot Seconds between the time of its generation, 
_ the time of its being heard, to the diſtance between the two 

laces. . el 

Hence if the diſtance between any two Places be given, the time 
that Sound will require to trave! over that diſtance may be found, and 


On 
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on the contrary, the time that a Sund is going between any two 
Places beg known, the diſtance between thoſe two Places is 
eaſily had. K 

recs becauſe the Motion of Light is in a manner Inſtantaneous, it 
moving at the Rate of 10000 Miles at leaſt, (by the beſt Obſerva- 
tions) in a Second of time, or whilſt a Pendulum of 39.2 Inches 
makes one Vibration | 
Hence, if the difference between the time that an Exploſion is 
firſt ſeen, and the time that the Sound of it reaches the Ear be given, 
the diſtance between the Place where the Gun was Fir'd, and the 
Place of the Obſerver, is eaſily found. | 

For, as 5.326 to 1, ſo is the number of Seconds, to the diſtance 
in Sea Miles: Or, as 16 to 1, fo is the number of Seconds, to 
the diſtance in Sea Leagues. [on ; 

Wherefore, if the number of Seconds between the time that the 
Flaſh of a Gun is ſeen, and the time that the Report becomes 
audible, be divided by 5.326, the Quotient will give the number of 
Miles of diſtance, between the Place where the Gun was Fir'd > 
the Place of the Obſerver ; or if the ſame number of Seconds be di- 
. by 16, the Quotient will give the number of Leagues of 

iſtance. “ a | x | 


; Example 1. 


Being at Sea, I counted 50 Seconds between the time that I ſaw 
the Flaſh of a Gun and heard the Report; I demand the diſtance. 

If 50 Seconds be divided by 5.326, the Quotient 9.388, or 9.4 
Miles, will be the Diſtance required : Or, if the ſame number of 
Seconds, viz. 50, be divided by 16, the > — 3-125, or 33 
Leagues, will give the Leagues of diſtance ; ſo that the Gun when 
it was Fir d was 9.4 Miles, or 34 Leagues from the Obſerver. 


Example 2. 


Being by the Sea- ſide, there was a Ship in the Offing, who Fir'd 
ſome Guns, and Obſerving, I found there was 40 Seconds between 
the time that I ſaw the Flaſh and heard the ; I demand the 
diſtance of the Ship from the Shoar. 


Anſwer, 71 Miles, or 2+ Leagues, P 1 
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If the Obſerver have not a Minute Watch by him, let them take 
a String or piece of Wire of 32.2 Inches long, and faſten a Plumet 
at one end of it, and hang the other upon a Nail or Peg, or hold it 
between his Finger, and count the number of Vibrations between 
the Flaſh and the Report, which will give him the number of Se- 
conds , or it he has a mind to be more nice, let him take a String or 
Wire of 9.8 Inches, and prepare it as before, and the number of 
Vibrations in this Caſe, will give the number of half Seconds of time, 


It is generally found, that the number of Pulſations ot the Arrery, 
or contractions of the Heart, in a Man of a good habit of Body, is 
Seventy-Five in a Minute; wherctore, this being ſuppoſed it fol- 
lows, that S$ouxd travels at the Rate of one Nautical Mile in 6 Pul- 
ſations, or t League in 20, and conſequently we can never be at a 
loſs for putting of this method in Practice, for if the number of Pul- 
ſations between the time that a Man ſees the Exploſion of a Gun 
and hears the Report, be divided by 65 (or 7, tor round Number) 
the Quotient will give the number of Miles of diſtance, or the ſame 
number of Pulſations being divided by 20, will give the ſame di- 


ſtance in Leagues. | 


dad833 30300000 ddee0ee0dnpeieccs 
* Section 1 


Of Turning to Windward. 


\ O know how near the Wind a Ship will lie, obſerve what Courſe ſhe 

goes on each Tack, then in the middle between both is the Wind ; 
therefore the half of the Arch, or number of Points between each Courſe 
(viz. that Arch the Wind is in) is the diſtance of the Courſe from the Wind, 


le 8 


A Ship that makes her way good within 64 Points of the Wind, 
at N. by E. is bound to a Port bearing N. N. E.; E. diſtance 84 
Miles; I demand the Coyrſe and Diſtance upon each Tack, to gain 


the intended Port. 
Geo- 
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Geometrically. 

1. Having drawn the Com- 
paſs N, E, S, W. Let A re- 
preſent the place the Ship is 
in, and draw the N. N. E. J E. 
Line AB, equal to 84 Miles, 
then will B be the Port ihe is 
bound to. | 


S 

2. Set of 65 Points on each ſide of the N. by E. or Wind Line Ad, 
to x and y, and draw Ay, Ax, then will Ay be the E. by N. 4 E. 
Line or Courſe, upon the Larboard Tack ; and 4 x the N. W. by 
W. + W. Line, or Courſe upon the Starboard Tack. - 

3. Thro' B draw BC, parallel to the N. W. by W. 4 W. Line, 
or Courſe upon the Starboard Tack, till it meet the E. by N. 3 E. 
Line in C, then will 40 and CB be the diitarices upon each Tack, 
to find which by Calculation, ; 

In the Triangle ABC are given, the Angle BAC equal to 53 deg. 
26 min. equal to 44 Points, equal to the diſtance between the N. N. 
E. + E. and the E. by N. 4 E. the Angle ABC equal to 87 deg. 11 
min. 2, equal to 73 Points, the diſtance between the N. N. E. + E. 
and the N. W. by W. 4 W. the Angle AC equal to 39 deg. 22 min: 2, 
equal to 3+ Points, equal to the diſtance between the N. W. by W. 
+ W. and the W. by N. 4 W. and the diſtance 4B equal to 84 Miles, 
whence to find 4x. \ 

1. The diſtance upon the Larboard Tack, it will be, 

As the Sine of the Angle ACB =39® 22' z——9.8023585 


To the diſtance AB=84 ——— 1 .9242793 
So is the Sine of the Angle ABC=87" 11 — 9.9994781 


# 


To the diſtance AC upon the Larboard Tack 132.25 2.1 213989 


2. For the diſtance upon the Starboard Tack it will be, 5 


As the Sine of the Angle ACB=399® 224 — 9.8023585 
To the diſtance AB=84 — — 2 oa _= 
So is the Sine of the Angle BAC=5 3® 26'— 3 


— _ - 


To the diſtance upon the Star. Tack 106.35 Miles— 2.026725 1 
| So 


— 
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So that the Ship in failing E. by N. 4 E. 132.25 Miles, and then 
N. W. by W. 4 W. 106.35 Miles, will arrive at her Port. 
In the former Canſtruction, the Line EF might have been drawn 
parallel to the E. by N. 4 E. Line, and the Solution would have been 
the ſame, and in this Caſe the Ship in failing 1 N. W. by W. 3 W. 
106.35 Miles, with her Starboard Tacks on board, and then E. by 
N. 3 E. 132.25 Miles, with her Larboard Tacks on board, would 
have arrived at her Fort in the ſame tine. | 


' I" + 
This Caſe is of Uſe in hiting a Port, or in doubling a Cape or Head- 
land to Windward the Leeway being kyown. * Bec: 

Whoever underſtands the former Problem, will very eaſily re- 
ſolve the following, the Operation being omitted for Brevity's ſake. 


Being at Sea I ſaw a Ship directly to Windward, bearing N. E a- 
bont three Leagues diſtant, it was then about fix in the Evening, 
ſhe ſtood away with her Starboard Tacks on board, and fo did we till 
9, we had run at the Rate of 6 Knots, and then the Ship bore from 
us E. ; N. we both made our way good within 6 Points of the Wind, 
but we fore-reaching her, and being willing to ſpeak with her at 2 
next Morning, I would know when I muſt Tack, and how tar I 
muſt ſail on each Tack, to be with her at that time, ſuppoſing the 
Wind to continue the ſame, and ſhe to keep on the ſame Courſe. 


Anſwer. 1 muſt Tack at 1 zh. 26m. or at 26 min. after 12, after I 
have ſailed 25.73 Miles upon the Starboard Tack, and then in failing 
11.76 Miles on the Larboard Tack, I ſhall meet the Ship. | 


This Queſtion is of great Uſe in hiting a Ship under ſail. 
Caſe II. 


Being at Sea, the Wind at North, I ſaw a Headland bearing N. 
by E. + E. diſtant three Leagues, then I ſtood away between the 
North and Eaſt eight Leagues, with my Larboard Tacks on board, 
and then the ſame Headland bore from me Weſt by North; I de- 


mand the true Courſe. : ; 


Geo- 
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Geometrically, 
1. Having drawn the Compaſs N, B 


E, 8, W. Let A repreſent the Place N 

of the Ship at Sea, and draw the N. 

by E. 2 E. Line AB, equal to 27 Miles, c 
* 


then will B repreſent the Headland. W 


2. From B draw the Line BC, paral- 
lel to the E. by S. Line, till it interſects Z 


AC at the diſtance of 24 Miles, from . 
the Point 4, then will AC be the Ships Courſe ; to find which in 


the Triangle ABC are given, AC=24 Miles, AB=9 Miles, and 
the Angle ABC equal to 95 deg. 37 min. 3, equal to 8: Points, e- 
qual to the diſtance between the N. by E. 3 E. and the W. by N. 
whence to find the Angle BAC, by the firſt Caſe of Sef. the 5th of 


Trigonometry, it will be, 


As the Diſtance ſail'd 402824 — 1. 3802112 
To the Sine of the Angle at B=g5* 3 +- 9.997903 5 
So is the Diſtance given AB=9 — — 0.9542425 
To the Sine of the Angle at C=21® 55' 9.5719350 


Whence the Angle BAC will be 6 2deg. 27 min. , and conſequently 
the Courſe is E. by N. oo deg. 35 min. Eaſterly, or ſeven Points 
from the Wind, 5 ELLEN | 

Hence by knowing how near the Ship can lie up to the Wind, may 
the Leeway be found, RES | 

For ſuppoſe ſhe can lie up within 6. Points of the. Wind, then in 
this Caſe ſhe has made one Point Leeway. 


When a Ship is near the Land as in the former Caſe, the Leeway 
may be found much more exactly by the following Example. 


Ff Suppoſe 
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Suppoſe a Ship at 4, lying up N. by W. 
towards B, but that inſtead of keeping on 


the Courſe AB, ſhe is carried on in the 
Line AE, or N. by E. 


B 
© 


N 
| A a 85 *Tis evident that the Point E will al- 
i / N ways bear the ſame from the Ship, becauſe 
w Is ſhe keeps on in the ſame Courſe AE, and 
"ih 49 that the bearing of every other Point alters, 
Hence therefore, the difference between 
8 the Courſe AE, the Ship is carried upon, 


or N. by E. and the Point of the Compaſs the Ship Capes at, or the 
Angle BAE, equal in this Caſe to two Points, is the Lee way ſhe 
makes. | Ik 

This is of great Uſe when you are about to double a Cape, 
Headland, Cc. the Leeway the Ship makes being known, 


The Solution of the 2d Caſe will give Anſwers to the following Queſtions, 

1. There are two Ports bearing N by E. * E. and S. by N. VV. 
diſtant 9 Miles, a Ship from the Northermoſt Port ſails E. by S. and 
then ſailing 24 Miles farther, arrives at the Second or Southermoſt Port; 
I demand the fi ft Diſtance ſail d, and Courſe to the ſecond Port. 


"> Anſwer. 

The firſt Diſtance ſail'd is 21.38 Miles, and the Courſe to the 
ſecond Port W. by S. oo deg. 35 min. Weſterly, 
2. Suppoſe two Ports that lie W. by N. and E. by S. a Ship from the 
Westermoſt fails & by W. V 9 Miles, another from the Southermoſt 


Jails 24 Miles, and meets the former; I demand the Courſe Steer d by 
the laſi Ship, and the diſtance between the two Ports. 


Anſwer. 


The Courſe Steer'd by the laſt Ship is W. by S. oo deg. 35 min. 
Welt, and the diſtance between the two Ports 21.38 Miles. 


3. Tuo Ships fail from the ſame Port, the one ſails N by E.? E. 9 
' Miles, the other 24 Miles North Eaſterly, and then the firſt Ship is found 

to bear Weſt by North; I demand the ſecond Ships Courſe, and Diſtance 
detween the Hubs. | Anſwer. 
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Anſwer. 


The ſecond Ships Courſe is E. by N. oo deg. 35min. E. and diſtance 
between the Snips 21-38 Miles. 

Either of the former Queſtions might have been ſo propoſed, as 
to have been Ambiguous and admitted of two Anſwers, as che 
Reader will eaſily perceive, if he Conſults the 2d Example of the 3d 
Caſe of Sect. the 5th of Trigonometry. I ſhall give an Inſtance of one, 
and leave the Operation as an Exerciſe for the Practitioner, 


4. There are two Ports that lie E. by N. 35 min. Eaſterly, and W. 
by S. 35 min. Weſterly, a Ship from the IVeſtermoſt Port ſails North Eaſt- 
erly 9 Miles, another from the Eaftermoſt ſails W. by N. and meets the 
former ; 1 demand the firſt Ships Courſe and ſecond Ships Diſtance. 


Anſwer. 


The firſt Ship's Courſe may be N. by E. E. and then the ſecond 
Ships diſtance will be 21.38 Miles; or the firſt Ships Courſe may be 
N. 3 E. and then the ſecond Ships diſtance will be 23.15 Miles. 


5. Being at Sea, the Wind at &. E. by S. we lay by under our Main 
Sail, and ſaw two Iſlands, which by the Chart bore from each other E. by 
S. and W. by N. diſtant 4 Leagues or 12 Miles, the firſt bore N E. by 
N the ſecond N. W. by N. then 4 Hours after, the firſt bore E. N. E. 
the ſecond N. N E. I demand the Ships true Courſe and Drift per Hour. 

The Solution of this, being after the ſame manner with Caſe the 3d of 
Section the 4th, T ſhall only give the Anſwer. ; | 


Anſwer. 


Her true Courſe was W. N. W. 10 deg. 12 min. W. ſo that ſhe 
made her way good within 12 Points of the Wind nearly, and drove 
at the Rate of 2.58 Miles an Hour. 


_ Caſe III. 


There are two Ports that lie N. N. E. E. and 8. S. W. + W. 
diſtant 84 Miles, a Ship from the Southermoſt Port, cloſe haul'd 
upon the Wind at N. by E. with her Larboard Tacks on Board, 
making one or more Trips, _ 132.25 Miles, then 106.35 Miles, 

2 | with 


with her Starboard Tacks on Board, and then arrives at her North. 
ermoſt Port; I demand the. Courſe upon each Tack, and how near 
the Wind ſhe made her way good. 


1. Having drawn the Compaſs N, E, 
8, W. Let A repreſent the Southermoſt 
Port, and draw the N. N. E. + E. Line 
AR, equal to 84 Miles, then will B re- 
preienc the Northermoſt Port. 


2. With 132.25 Miles, the diſtance 
upon the Larboard Tack, ſetting one 
foot of the Compaſſes in A, deſcribe a 
ſmall Arch at C, with 106.35 Miles, 
: the diſtance upon the Starboard Tack, 
ſetting one foot in B, croſs the former Arch in- C, and draw the 
Line AC, the Courſe upon the Larboard Tack, and BC the Courſe 
upon the Starboard Tack; to find each of which by Calculation, 
in the Triangle AZC are given, the three Sides AC equal to 132.25 
Miles, CB equal to 106.35 Miles, AB equal to 84 Miles; whence 
to find the Angle BAC (by the 6th Cale of Set. the 5th of Trigono- 
metry, | 
To he Arithmetical Complement of AC=13 2.25 * 7.878604} 


Add the Complement Arithmetical of 4B=84 8.075 7206 
Allo the Log. of? Sum of the three Sides 161.3 22076344 
And the Log. of the Remainder 54.95 — 1.73 99677 


— 


Half the Sum of theſe four Log. will give the Co- ſine of 19.90 19270 
26 43, which doubled gives 53* 26 for the AC 


9— 4 


9.950963 5 


—ͤ — 


Hence, the Courſe upon the Larboard Tack is E. by N. 4 E. and 
conlequently ſhe makes her way good upon this Tack, within 6 
Points of the Wind. 


Again, to find the Courſe upon the Starboard Tack, it will be by 
Cafe the. 1/2 of ct. the 5th of Trigonometry, 


As 


. 
fy 


'S 
= 
* 
A 
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As the Diſtance ſail'd BC=106.35 Miles | 2.0267375 


—— — 


To the Sine of the Angle at A=53? 26 9 9048043 
So is the Diſtance ſaild AC=13 2.25 Miles —2.1213957 


To the Sine of the Angle at B=87* 0g'—————g.9994625 


= Hence the Conſe upon the Starboard Tack is N. W. by W. 2 W. 


and conſequently ſhe has made her way good upon this Tack within 


6 & of the Wind as before, 
By the help of this Caſe, may the Leeway a Ship makes be found, 


rovided it b2 firſt known how near ſhe can liz up to the Wind, as 
the following Example - will ſhew ; the Solution of which being of 
the ſame kind with the former, ſhall be omitted. 


Suppoſe tuo Ports bearing N. N. E. 3 E. and S. S. W. 4 W. diſtant 
aſunder 9 Miles, a Ship lying up within 6 Points of the Mind, at N. 
by E. ſails from the Southermoſt Port, 24 Miles with ber Larboard Tacks 
on board, and 21.3 Miles with her Starboard Tacks on board, and then 


arrives at the Northermoſt Port; I demand her Leeway on each Tack. 


a Anſwer, 
The Courle upon the Larboard Tack is E. oo deg. 03 min. S. and 
conſequently ſhe has made 1 point 3 min. Leeway upon this Tack. 
Her Courſe upon the Starboard Tack is W. N. W. 27 min. N. and. 
conſequently upon this Tack, ſhe has made 10 deg. 48 min. or 1 


Point nsarly Leeway. 
What the uſual Allowances made for Leeway are, the Reader 


may ſee in Se. the 6th Part the 5th, | 
The foregoing Solution will likewiſe give an Anſwer to the follow- 


ing Queſtion. 

A Ship fails from a certain Port N. N. E. ! E. 9 Miles, then be- 
tireen the South and Eaſt 21.3 Miles, and then is forced back l y foul N ea- 
ther 24 Miles, to the place from whence ſhe came; I demand her Cour ſe 

from the ſecond place to the third, as alſo her Courſe from the third Place 
back again to her Port, | 
Anſwer. 

Her Courſe ftom her ſecond Place to her third, is E. 8. E. 27 min. 

Southerly, and from the third Place back again to her Port Weſt 
00 deg. O3 min. North.. | Section 
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NNW N NN eee 400% 
Section VL 
Of Currents, and how to allow for thews. 


Af: : 
URRENTS are certain ſettings of the Stream, by the means 
of which all Bodies moving therein, are compell'd to alter 
either their Direction or Velocity, or both; and ſubmit to the 
Laws impoſed upon them by it. Whence, 
Cor. | 
x. If a Current ſet with the Courſe of the Ship it increaſes her 
Motion, by as much as is the Drift of the Current. 


Caſe l. 


Thus, If a Ship ſails N. N. E. 20 Miles in 4 Hours, in a Current 
that ſets N. N. E. at the Rate of 2 Miles an Hour, the Ships true 
Courſe in this Caſe will be N. N. E. and her Diſtance ſailed 28 Miles 
in the ſame time. _ = 

2. If a Current ſets directly againſt the Ships Courſe, it leſſens 

her Velocity juſt ſo much as is the Currents Drift. 


Caſe II. 


So that if a Ship ſails N. E. 30 Miles in; Hours, in a Current 
that ſets S. W. at the Rate of two Miles an Hour, then her true 
Courſe will be North Eaſt, and Diſtance run 20 Miles, in the ſame 
time, But, | YR 

3. If the Drift of the Current exceeds the Velocity of the Ship, 
ſhe is driven backward with a force equal to the Exceſs of the Rate of 
the Current, above the Rate the Ship ſail'd at. 


Caſe III. 


Thus; If a Ship fails N. E. 5 Hours, at the Rate of 6 Miles an 
Hour, in a Current that ſets under foot S. W. at the Rate of 8 Miles 
| an 


an Hour, then in this Caſe the Ship falls a Stern, and her true Courſe 
will be S. W. 10 Miles in the ſame time. But, 

4. It the Ship thwart the Current, it not only leſſens or augments 
her Velocity, but gives her a ne Direction, compounded of the 
Courſe ſhe ſteers and the ſetting of the Current, as is manifeſt. from 


the following 
Lemma, 


Tf a Body be agitated by two Motions at 7: 1 


the ſame time, the one with a certain Velo- 

city that will carry it according to the Di- 
rection of the Line AB, the Length AB, in ,,/_ 1 
a given ſpace of time, the other according to C 
the Direction of the Line AD, with a Velocity that will carry it to 
the Diſtance AD in the ſame time, I ſay that the Body will move 
in the Diagonal AC, and at the end of that time, will be found in 

the Point C. Wherefore, | 


Caſe IV. 


If a Ship fails N. E. 110 Miles in 15 Hours, and a Current is 
found to ſet S. S. W. at the Rate of 2 Miles an Hour, and it be re- 
quired to find the Ships true Courſe and Diſtance ſail'd, in that time: 


Geometricalh. 


1. Having drawn the Quadrant N, A, E. 
Let A repreſent the Place the Ship ſail'd from, 
and draw the N. E. Line equal to 110 Miles, 
then will C be the Place the Ship Caped ar. 


2. From C draw CB. parallel to the S. S. W. 
Line, equal to 3o Miles, the Drift of the Cur- 
rent in 15 Hours, then will B be the Place of 
the Ship, AB her true Diſtance ſail'd, and NAB 
the Angle of the. true Courſe ; to find which, 3 

In the Triangle ABC are given, AC 110 Miles, BC 30 Miles, 
and the Angle AC B equal to 22 deg 30 min. equal to two Points, 
equal to the diſtance between the N. N. E. and the N. E. whence to 
find the Angle at 4, it will be by the 4th.Caſe of St. the 5th of 
Trigonometry. | As 
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As the Sum of the Sides AC and CB=140—= 2.146128 


5 —— . —L b — 


To their Difference 8o . — 1.5030900 
So is the Tangent of half the Sum of the Angles 5 8 
A and B=78 deg. 45 min. - 7013382 

nnn .. 


To the Tangent of half their Difference o. 49 10.458 3002 

Hence the Angle at 4, will be found to be 7 deg. 56 min, and 

conſequently the Ships true Courſe will be N. 52 deg. 56 min, Eaſt. 

crly; or N. E. 7 deg. 56 min Eaſt, whence to find the direct 

Diſtance fail'd it will be, by the 24 Caſe of Se. the 5th of 
Trigonometry. | 

As the Sine of the Angle at 4=7" 56'- — —9.1399445 

| IDES 4 

To the Drift of the Current BC=30 —————1.477121; 


So is the Sine of the Angle at C=22* 300 ——9.5828397 
To the Diſtance run 83.18 Mile — —1.9200165 


The former Example might have been thus expreſſed : 
A Ship ſails N. E. 110 Miles, in a Current that ſets S. S. W. 
30 Miles in the ſame time, what is the true Courſe and Diſtance ſail d. 


Anſwer. 


Direct Courſe is N. 52 deg. 56 min- E. Diſtance 83.18 Miles. 
Or it might have been thus expreſſed; 

A Ship ſails N. E. 110 Miles, in a Current that ſets S, S. W. at the 
Rate of 6 Miles in the time the Ship ſails 22 Miles; 1 demand, &c. 


| Anſwer. | 
True Courſe N. 52 deg- 56 min. E. direct Diſtance 83.18 Miles. 


Caſe. V. 


If a Ship from the Latitude of 36 deg. 30 min South, ſails N. E. 
by N 40 Miles in 8 Hours, then N. E. by E. 36 Miles in 7 Hours, 
in a Current that ſets S. S. E. at the Rate of 2 1 Miles an Hour, and it 
be required to find the direct Courſe and Diſtance between the Ship 
and her firſt Port, as alſo the Latitude the Ship is in. | 

| 1. Having 
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1. Having drawn the Quadrant N, E. 
Let 4 repreſent the place the Ship ſail'd 
from, and draw AC the N. E. by N. 
Line equal to 40, alſo CB Parallel to 
the S. S. E. Line equal to 20 Miles, equal 
to the Drift of the Current in 8 Hours. 


2. From B draw BD parallel to the N. E. by E. Line, and DG 
parallel to the S. S. E. or Current Line, equal to 17 Miles, the 
Drift of the Current in 7 Hours; and draw the Line GA, then will 
G repreſent the Place of the Ship at the end ot her Runings, GA the 
_—_— Diſtance ſail'd, and the Angle NAG the Angle of the true 
Courſe. | it 


This Example being no other than a Repetition of the former, the true 
Comſe and Diſtance anſwering to each Courſe Steer d, may be found as in 
the former Example, and thence the whole Difference of Jatitude made, 
by Caſe the 11t of Sect. the 2d of Navigation, and conſequently the La- 
titude the Ship is in: But the eaſieſt and readieſt way, is to conſider it 
as a Traverſe of four Courſes, and find rhe Difference of Latitude and 
Departure to each Courſe, after the manner taught in Traverſe Sailing, 
as follows, 


Diff. of Lat. | Departure. | 

| Courſes. Dit. N. |S. EI V. 

N. E. by N. —— —| 40 | 33:3 FEY 22.2 | — | 

8. E —— — 20 | — | 18.5 72.6 | — | 
N. E. by E. —[ 36 | 20.0 } — | 29.9 | — 
. S. Eo ——— ———  & den 16.1 6.6 | — 


| 
53-3 | 34.6 66.3 Dang} 
| 


| 18.7 N. erly | | 


Or, the two Settings of the C | 
5 urrent may be added together, and 
then it may be conſidered as a Traverſe of three Courſes, as follows, 
Gg Courſe 
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— —_—__—_©_ —————_ 


Diff of Lat: |_ Departare.” 


Courſes. 


Diſt. N. I S. E. J V. 
N. E. by N. — a NE e 40. | 33-3 | — | 22.2 | — 
N. E. by E———————; 36. | 20.0 | — | 29.9 — 
S8. 8. E— ———>—— 37-5] — | 346 | 14.2 | — 
53-3 | 34.6 | 66.3 Eaſting. 
34-6 
. : 1 18.7 Ning 


Hence to find the Latitude the Ship is in, becanſe ſhe ſails from a 
South Latitude Northerly, ; 
From the Latitude ſail'd from 26" 30 8. 
Take the Difterence of Latitude made ——-——-- 18 7 NI 


Remains the Latitude the Ship is in — 36 11 3 


To find the dire& Courſe it will be, by Caſe the 4th of S. the 
24 of Navigation. 


As the Difference of Latitude 18.79 ——— 1.2718416 
To the Departure 66.3 — 18215135 
So is the Radius — — —-„  10,0000000 


— (V — 


To the Tangent of the Courſe 74* 15/——-—10-5496719 


Which becauſe the Diflerence of Latitude is Northerly, and De- 
parture Eaſterly, is N. 74 i5' E. or E. N. E. 6* 4; E. Whence for 
the direct Diſtance it will be, . | 

As the Radius 


= 10.0000000 


— — 


To the Difference of Latitude 18.7 


Zo is the Secant of the Courſe 74® 15 ————- 10.5663 254 
To the Diſtance ſaii'd 68 Mile — 18381670 


— — — moon 


After 


— 
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After the ſame manner, may the Latitude the Ship is in be found, 
and thence her direct Courſe and Diſtance ſail'd, after ſhe has Run 


any Number of Courſes in a Current, 
Cate "FL 


A Ship coming out from Sea in the Night, has ſight of Scily Light, 
bearing N. E. by N. Diſtance four Leagues, it being then Floud 
Tide, ſetting E. N. E. about two Miles an Hour, the Ship runnin 
alter the Rate of 5 Knots an Hour; I demand upon what Courſe 
ſhe muſt ſail and how far, to hit the Lizard ; it bearing from Scilly 
E. 3 S. Diſtance 17 Leagues, 

Geometrically. 

1. Having drawn the Com- 
paſs N, E, 8, W. Let 4 re- 
preſent the Place of the Ship 
at Sea, and draw the N. E. by 
N. Line J equal to 12 Miles, 
then will S repreſent Scilly. 


2. From & draw SL equal to 51 Miles, and parallel to the E.; S. 
Line, then will L be the Place of the Lizard. 

3. Draw LC parallel to the W. S. W. Line equal to two Miles, 
and CD equal to five Miles, and parallel to it draw AB, till 
it meet LC produced in B, then will 4B be the Diſtance re- 
quired, and the Angle SAB the true Courſe ; to find which by Cal- 


culation. 


1. In the Triangle ASL are given, AS equal to 12 Mileg, SL e- 
qual 51 Miles, and the Angle ASL equal 118 deg. 7 min. +, equal 
to 10; Points, equal to the diſtance between the N. E. by N. and W. 
N. Whence to find 1/ the Angle SAL it will be, by the 4th Caſe 
of Sect. the 5th of Trigonometry. 

As the Sum of the Sides 4 and SL=63 —_——;.,y405 


To their Difference 9 — — 1. 5910646 
So is the Tangent of 3 the Angles 4 and L=30? 56' 9.7776284 


To the Tangent of halt their Diference=20* 21'—9.56935 25 


„ ds 
— 


Gg 2 Whence 
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Whence the Angle 4 will be found equal to 51 17', and conſe- 
quently the direct Bearing from the Ship to the Lizard, is N. 85? O2 
E. or E. by N. 6 17 E. and for the Diſtance it will be, 
As the Sine of the Angle at 45117 ———-—9.8922329 


To the Diſtance from Scilly to the Lizard 51 1.7075702 
So is the Sine of the Angle at S=118* 7' z— =9.9454298 


— — — 


To the Diſt. between the Ship and the Lizard 57.65 M. 1. 76076571 


— —— 


Again, in the Triangle DLC are given, the Angle L equal to 
17* 32“, the diſtance between the E. N. E. and the N. 85 deg. 
o2 min. E. the Side CL equal to the Currents Drift in an Hour, e- 
qual to 2 Miles; and the Side CD the Ships Diſtance run in the ſame 
time, equal to 5 Miles; whence to find the Angle at D it will be, 


by the 24 Caſe of Sef. the 5th of Trigonometry. 


As the Diſtance run CD=5 Miles - 0.6989700 
To the Drift of the Current LC Miles —— o 3010300 
So is the Sine of the Angle at L=17* 32 ——9.4789423 
To the Sine of the Angle at Do 55 9.08 10023 


Hence, becaufe the Angle CDi is equal to BAL, the Courſe the 
Ship muſt Steer, is S. 88 deg- 03 min. E. and for the Diſtance it 
will be, by Caſe the iſt of Sect. the 5th of Trigonometry. 

As the Sine of the Angle at C=155* 33 ——=- 9.6168944 


To the Diſt. between the Ship and the Lizard 57.65 1-7607671 
So is the Sine of the Angle at L=17* 32— 9.4789423 


—— — CC 


To the Diſtance ſhe muſt ſail 41.96 Miles 1.6228 150 


— — 


So that the Ship in ſailing 8h. 24m. S. 88 deg. 03 min. E. will ar- 
rive at the Lix ard. 


This Example is of Uſe in hiting of a Port or doubling a Headland, in 
4 Current or Tides-way: 2 
alc 
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Caſe VII. 


A Ship that makes her way good within 6 Points of the Wind, 
at N. N. E. is bound to a Port bearing N. E. by N. diſtant 16 
Leagues or 48 Miles, and there is a Current under Foot, that ſets 
E. N. E, at the Rate of rwo Miles, in the time the Ship ſails five 
Miles: I demand the Courſe and Diſtance upon each Tack, to 
fetch the Port. 

This Queſtion being a Compound of the 5th Caſe ot the laſt Sc. 
and the 4th Caſe of this Se. I ſhall omit the Operation, and only 
inſert the Anſwer. | 


The Courſe upon the Larboard Tack is N. 83 deg. 39 min- E. 
Diſtance 40.64 Miles, and the Courſe upon the Starboard Tack, 
is N. 22 deg. 11 min. W. Diſtance 37.98 Miles. 


This Queſtion is applicable to hiting a Port, or doubling a Cape or 
Headland to Windward in a Current. 


The uſual way to try Currents at Sea, is to let down a heavy: 
Weight ot Lead, Stone, @c. out of the Head of a Boat, about 
100 Fathom deep, which will ride the Boat as faſt as if ſhe were ar 
an Anchor; and then by the help of the Compaſs may the ſetting of 
the Current be determined, and by the Log, the Drift or Rate of 
Driving; in the ſame manner as the Courſe upor which the Ship ſails, 
and her Diſtance run is found, | 


How it may be found, when the Ship is within ſight of Land, the 
following Examples will abundantly ſhew. 


Caſe VIII. 


A Ship from a certain Headland in the Latitude of 34 deg. oo min. 
North, fails S. E. by S. 12 Miles in three Hours, in a Current that 
ſets between the North and Eaſt, and then the ſame Headland is 
found to bear W. N. W. and the Ship to be in the Latitude of 33 deg. 

52 min. North; I demand the ſetting and Drift of the Current. 


Geo 
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Geometrically. 


1 1. Having drawn the Compaſs N, E, 8, 
a] 7 W. Let A repreſent the place of the Ship, 


and draw the 8. E. by S. Line 4B equal to 
12 Miles, alſo the E. S. E. Line AC. 


2. At the diſtance of 8 Miles the Diffe- 
rence of Latitude, draw DC parallel to the 
Eaſt and Weſt Line, where this cuts the E, 
S. E. Line AC in C, gives the Place of the Ship. 

3. ſoyn the Points B, C, then will BC be the ſetting and Drift of 
the Current, to find which by Calculation, 

1. In the Triangle ADC, Right-angled at D, are given, the Dit- 
ference of Latitude equal to 8 Miles, the Angle DAC equal to 67? 
39', equal to 6 Points, equal to the diſtance between the South and 
E. S. 1 Whence to find AC, the Diſtance the Ship has ſail'd, it 
will be, | | 

As the Radius — — 10.0000000 


To the Difference of Latitude 8 Miles —- 0.9030900 
So is the Secant of the Courſe 67 deg. 30 min —-=——10.4171603 


m—,3202503 


—— a—— 


_—— — 


-- 


To the Diſtance Run 20.9 - 


2. In the Triangle ABC are given, AB equal to 12 Miles, AC e- 
qual to 20.9 Miles, and the Angle BAC equal to 33 deg. 45 min. 
equal to three Points, equal to the diſtance between the S. E. by 8. 
and E. S. E. Whence to find the Angle at B it will be, 

As the Sum of the Sides AC and AB=3 2.9 —— I.5171959 


To their Difference=8.9 — — o 9493900 
So is the Tang. of + the Angles at B and C 73 07'#— 10.5 180608 


— — — — 


T othe T angent of half their Diff.=41" 43'4——9-9592549 


— — ᷑ĩ — 


Whence the Angle ABC will be found to be 1 14 deg 51 min. and 
conſequently the Current ſets N. 8 ideg. o6min, E. or E. by N. 2 deg. 
21 min. E. whence to find BC the Currents Drift, it will be, 

As 
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As the Sine of the Angle at B=114* 51'- 9 95780 t 


To the Diſtance run AC=20.9 —;c50} 
So is the Sine of the Angle at A=3 3* 45 — 9.7447399 


— — — 


To the Drift of the Current in 3 Hours 12.8 Miles 1.107185 2 


— 


And conſequently it ſets at the Rate of 4.266 Miles an Hour. 


"He that under ftands what has been ſaid upon this Head, wiil fad it no 
difficult matter to give Solutions to the following Queſtiont, and there- 
fore I ſhall omit the Operations for Brevitys ſake; and culy inſert the 
Anſwers. : 


e 


Being at Sta I ſaw two Headlands, one bearing S by E. the o- 
cher E. N. E. E they bore from each other S. S. W. 3 W. and N. 
N. E. 3 E. Diſtance 5 Leagues, then I ſtood away E. + S. 4 Hows, 
and run 8 Leagues, and then the firſt boze from me W. by S. and the 
ſecond N. W. I demand the Setting and Drift of the Current. 


Auſer, 
The Current ſets S 45 deg. 50 min. W. or S. W. 50 min W. at the 
Rate of 1.7 Miles an Hour. 


Caſe X. 


A Ship takes her Departure from an Iſland in the Latitude of 
36 deg. 50 min. North, bearing E. N. E. diſtant 4 Leagues, and 
ſails W. by N. 15 Leagues in 9 Hours, and then ſaw another Ifland.,. 
whoſe Bearing from the firſt (by the Chart) is N. W. by N. diſtant 
14 Leagues, bearing E. by N. and then by Odſerration the Ship is 
found to be in the Latitude of 37 deg. 19 win. North; I demand the 
Ships true Courſe and Diſtance ſail'd, alſo the Setting and Dritt of 
the Current which is ſuppoſed to be in this Place. 


Auſwer. 

The Ships true Courſe is N. 51 des. 18 min. Tor N I. 6 des. 
18:min. I. ber direct Diftance ſail d is 53.74 Miles, the Current ſcis 
N. 4 deg. 54 min E at the Rate of 2.77 Miles av Hour. 

Cafe. 
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Caſe XI. 


A Ship from the Latitude of 48 deg. 30 min. North, fails 24 
Hours on ſeveral Courſes, till by Dead Reckoning ſhe came into the 
Latitude of 49 deg. 50 min. North, and her Departure was 60 Miles 
Weſt, tlie next Day ſhe went on ſeveral Courſes, till her Departure 
was 120 Miles Eaſt, and Latitude by Dead Reckoning 49 deg. 
30 min. North, but by a good Obſervation ſhe is found to be in the 
Latitude of 49 deg. oo min. and all this while there was a Current 
that ſet S. W. I demand the Drift of the Current, and the true 
Courſe and Diſtance ſaild each Day, alſo her Bearing and Diſtance 
from her firſt Port. 


Anſwer, 


The Drift of the Current is after the Rate of +35 Mile an Hour, the 
firſt Days Courſe is N. 45 deg. 46 min. W. or N. W. 46 min, . 
direct Diſtance 104.6 Miles. Second Days Courſe is S. 67 deg- 47 min, 

E. or E. F. E. 17 min. E. direct Diftauce 113.7 Miles, Bearing from 
the firs? Port N. E. Diſtance 42.42 Miles; Error in each Days Difference 


of Latitude and Departure 15 Miles. ; 
F 


There are two Ports bearing N. E. by N. and S. W. by S. diſtant 
200 Leagues, a Ship ſail'd from the Northermoſt W. S. W. and in 
two Days ſix Hours arrived at the Southermoſt, there was all the 
way a Current under Foot, ſetting South by Eaſt; I demand the 


Ships Diſtance ſail'd and Rate of the Current. 
Anſwer. 
De Ship run at the Rate of 2.67 Miles an Hour, and the Current 
Set 2.1 Miles in the ſame time, 


Caſe XIII. 


A Ship from the Latitude of 48 deg. oo min · North, fails for 
24 Hours on ſeveral Courſes, till ſhe be got into the Latitude of 


: in. North, her Departure by Dead Reckoning being 
47 deg. 10 min p y S ile 


* 
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70 Miles Eaſt, but by a good Obſervation the Ship is found to be 

in the Latitude of 46 deg. 40 min. North; the Reaſon of the Error 

being ſuppoſed to proceed from a Current, ſetting between the South 

and Welt at the Rate ot 1+ an Hour; I demand the ſetting of the 
Current, and the Ships true Courſe and Diſtance ſail d. 


> ale | 


The Current ſets S. 33 deg. 33 min. W. or S. W. byS. nearly; the 
Ships true Courſe S. 32 deg. 04 min. E or S. S. E. 9 deg. 34 min. E. 
direct Diſtance 94.39 Miles. | 


Caſe XIV 


Being at Sea two Leagues E. by S. from a certain Headland, 1 
ſtood away N. N. E. 5 Leagues in 3 Hours, and then ſaw an Iſland, 
which by the Chart bore from the Headland N. N. W. 41 Leagues, 
bearing from the Ship W. by N. 4 N. there was a Current under Foot, 
lerting between the South and Eaſt 2; Miles an Hour; I demand 
the true Courſe and Diſtance ſail'd, as alſo the ſetting of the Current, 


2 4 Anſwer. 
The true Courſe is N. 52 deg. 30 min. E. of N E. 7 deg. 30 min. E. 
Diſtance ſail'd 12.84 Miles, ſetting of the Current S. 58 deg. 5 2 min: E. 
or S. E. by E. 2 deg. 37 min, E. 


3 TP © 


Being at Sea, I ſaw two Iſlands that bore from each other by the 
Chart S. S. W. and N. N. E. diſtant aſunder 8 Miles, the North- 
ermoſt bore from me W. S. W. Diſtant 12 Miles, then I ſtood away 
S. E. 3 Hours, and run 15 Miles, and then the Southermoſt bore, 
W. by S. there was all the while a Current under Foot, that ſet W. 
N. W. + W. I demand the Ships true Courſe and Diſtance, and the 


— 


33 001 


Drift of the Current 
| Anſwer. ; | 
The Ships true Courſe is S. 23 deg. 12 min. E. or S. S. E. oo deg. LY 
42 min. E. dirett Diftauce 9.37 Miles, during which time the Current 
ſets at the Rate of 2.46 Miles an Hour. 2 l 077 aut = 
1 H h Caſe 
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Caſe XVI. 


Taking my Departure from the Land I ſaw a certain Cape, that 
bore from me N. N. E. then I ſtood away W. by N. 3 Leagues in 
Hours, and then the Cape bore from me E. + S. but there was 
all the while a Current under Foot, ſetting N. E. by N. 3 E. at the J F 
Rate of 1x Mile an Hour; I demand the Ships true Courſe and Di- 
ſtance ſail'd, as allo her Diſtance from the Cape. 


Anſwer, 


The Ships true Courſe is N. 48 deg. 46 min, W. or N. WW. 3 deg. 
46 min. V. direct Diſtance ſail d 7.94 Miles, true Diftance from the 
Cape 7.86 Miles. ; ; 


Caſe XVII. 


Being at Sea I ſaw two Iſlands, one bearing from me S. E. by 8. 
the other E. by N. then I ſtood away E. by S. 2 Hours, and Ron; 
Leagues, and then the firſt bore W. by S. and the ſecond N. W. by 
N. during the whole time there was à Current that ſet 8. W. by W. 
at the Rate of 25 Miles an Hour; I demand the Bearing and Di- 
ſtance of the two Iſlands. 49 


Anſwer. 


* The two Hands bore from each other N. 10 deg. o1 min. E. or &. 
10 deg. oi min. V. their mutual Diſtance is 8.2 Miles. 


Caſe XVIII. 


A Ship at Sea Eſpies an Iſland in the Latitude of 40 deg. oo min. 
N. bearing W. S. W. diſtant 4 Leagues, and fails S. E. E. 15 Leag. 
in 9 Hours, and then ſaw another Iſland in the Latitude of 39 deg. 
o5 min. N. bearing W. by S. and by a good Obſervation the Ship is 
found to be in the Latitude of 39 deg. 22 min. North, and during 
the whole time a Current is found to ſet between the South and Weſt, 
at the Rate of 11 Miles an Hour; I demand the Ships true Couiſe 
and Diſtance, ſetting of the Current, alſo the Bearing and Diſtance 
between the two Iſlands. | 


Anfe 
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Anſwer, 


The Ships true Courſe S. 39 deg. og min. E. or S. E. by S. 5 deg- 
24 min, E. Diſtance Run 49.01 Miles, the ſetting of the Current is S. 
14 deg. 5o min. JV or S. by M. 3 deg. 5 min. H. the Bearing of the 
Ilands S. 38 deg. 18.min, W. or N. 38 deg. 18 min. E. their mutual 
Diſtance 70.08 Miles. | 


Caſe XIX. 


A Ship takes her Departure from a certain Cape bearing N. N. W. 
Diſtance by Eſtimation three Leagues, and having ſail'd W. by 8. 
twelve Hours at the Rate of 7 Knots an Hour, arrives at an Ifland 
bearing W. # N. from the former diſtant 17 Leagues, there is a Cur- 
rent ſuppoſed to ſet between the North and Eaſt ; required the Ships 
true Courſe and Diſtance ſail'd, alſo the Setting and Drift of the 
Current. | 

Anſwer. 


The Current ſets N. 42 deg. 49 min. E. or N. E. by N.] E. nearly, 
at the Rate of 3.43 Miles an Hour, the Ships true Courſe is N. 75 deg. 
46 min. . or V. N. V. 8 deg. 16 min. I. and direct Diſtance ſail d 
18.7 Leagues, or 56.13 Miles. | "2 


Cale XX. 


A Ship under Sail diſcovers an Iſland directly to Windward, bear- 
ing E. by N. diſtant by Eſtimation two Leagues, and having ſtood 
away N. W. by N. for four Hours, at the Rate of 4 * Knots an 
Hour, another Iſland appears in ſight bearing from the firſt N. N. 
E. 2 E. and from the Ship E. by N. 4 N. there is a Current all the 
time ſetting under Foot S. S. W. at the Rate of x 5 of an Hour; I 
demand the Ships true Courſe and Diſtance ſailed, as alſo the di- 
{ſtance between the Iſlands. 


Anſwer, 

The Ships true Courſe is NM. 56 deg. 33 min. V. or N. IP. by N. 
18 min. Weſt, the direct Diſtance 15.93 Miles, and the diſtance between 
the Hands 11.48 Miles. 3 amen 


Hb 2 ech 200 gg 


— 
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FP 
1 Section VII. 
Of the PLAIN.- CHART. 


INC E a ſmall part of the Earths Superficies differs very little 
I troma Plain Sui fate, Ingenious Men were firſt led tor (Oidinaty 
_ Uſes) to deſcribe the Sea-Coalt between Places not very remote, on 
Planes which they called Charts ; in which they made the Degrees of 
Longitude equal in all Places to the Degrees of Latitude. So thar, 

A Plain-Chart, is a Repreſcntation of ſome ſmall Part ot the 
Superficies of the Terraqueous Globe, in which the Meridians are 
drawn parallel to each other, and conſequently the Degrees of 
Longitude are equal every where to each other; and alſo equal to 
the Degrees of Latitude, and is generally made to ſerve for ſome 
particular Voyage, but when made, may ſcrve for any Voyage, wioſc 
diſtance does not exceed the Limits of the Chart. Wherefore, 

Tf it were required to make a Chart that ſha!l ſerve for a Voyage, 
between the Parallels of 31* 3o' and 36” 3o' of North Latitude, and 
to contain 3* 3o' of Longitude. Or which is the ſame thing, 

Suppoſe it were required to make a Chart that ſhall contain five 
degrees in Latitade, and 3 deg. 30 min. in Longitude, | 

Having pitch d upon a convenient Length, for the Breadth of a 
— 1 2 *2- * i 

K Draw the Meridian MM, and prick off the Number of Degrees 
the Chart is to contain, from M towards V. And 
2. At Right-angles to the Meridian MN, from the Point M 
draw the Line MN, which may Repreſent the Parallel of 31 deg. 
30 min. North, and ſet off the Number of Degrees it muſt contain 
in Breadth from M towards S. | 

3. Thro- the Point & draw SQ parallel to MN, as alſo the Lines 
oo, 11, 22, Cc. parallel to MN, thro' the ſeveral Diviſions of 
the Line MS, and theſe will Repreſent ſo many Meridians. 

4. The Lines 31 31, 32 32, Cc. drawn parallel rs MS, thro 
the equal Diviſions of the Meridian, will Repreſenc ſo many Paral- 


lels of Latitude. 5. Each 
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5. Each of the Right- angles M, N, Q, and S, being divided into 
eight equal Parts, the Lines drawn from the ſeveral Angular-Poins 

thro the ſeveral Diviſions of the Arch, will be the Rhomb Lines 
upon the Chart; and are of Uſe for the ready finding of tac Bearing 
of Places from each other. | 

6. Having divided cach Degree into as many equal Parts as its 
Breadtli will admit of, the Chart is rendered fit for any manner of 
Uſe that it can be applied to. And, | 

Firſt, let it be required to lay down a Place upon the Chart, from 
its Latitude and Longitude. 

1. Thro' the Degree in the Meridian anſwering to its Latitude, 
draw a Parallel of Latitude. | 

2. Lay a Ruler over the Degree of Longitude in the Graduated 
Parallel, and draw a Meridian, where this cuts the Parallel of Lati- 
tude before drawn, gives the Place required. | 

By the help of this Method, may any Place be laid down by its 
Difference of Latitude and Difference of Longitude from any Place 
in the Chart, viz. by counting its Difterence of Latitude from the 
Latitude of the given Place, either Northwards or Southwards, ac- 
cording as the Caſe requires ; and irs Difference of Longitude from 
the Meridian of the Place, either Eaſtward or Weſtward, and draw- 
ing Lines thro' the Points thus found, as in the former Caſe. 

N. B. According to the Principles of Plain Sailing, the Difference of 
Longitude, Meridional Diſtance and Departure are all one; being equal 
among themſelves, aud therefore what is ſaid of one, holds gocd of the 
other, | 

After the former manner, may a Map of any particular Country, 
or of any Part of the Sea-Coaſt be drawn, if the Latitudes and Lon- 
gitudes of the Places it muſt contain be known, or their Diflerences 
of Latitude and Differences of Longitude from any known Place 
whatſoever. | 
By the Inverſe Method, viz. by drawing Lines parallel to the 
Meridian, and to the Parallel of Latitude paſſing thro? any Place | 
propoled, may its Latitude and Longitude be known ; and conſe- | 
quently the Difference of Latitude and Difference of Longirude, be- 
tween any two or more Places, by the firſt S of Navigation. 

2, Let it be required to lay down a Place upon the Chart by its 
Bearing and Diſtance from another Place. | 


Atter 
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After having ſound out the Rumb-Line anſwering to the Bearing 
given, thro' the Place given and parallel to that Rumb draw a Line, 
and ſet off upon it the given diſtance in Parts of the Graduated Me- 
ridian, and the Point thus found, will Repreſent the Place required 
to be laid down. | : | 

By the Inverſe Method, may the Bearing and Diſtance between 


any two Places in the Chart be known, viz. by taking their Di- 


ſtance between the Points of the Compaſles, and applying ir to tue 
Graduated Meridian, in order to find the Miles of Diſtance, and by 
crying which of the Rumb Lines is parallel co the Line paſſing thro' 
them, in order to diſcover the Bearing. | 

After this manner, may the Induſtrious Sailor diſcover upon what 
Courſe and how far he muſt ſail, to arrive at his deſired Haven; as 
alſo to lay down his ſeveral Runnings, and thence find the ſeveral 
Places that he arrives at in the end; and ſo be able to alter his 
Courſe a new, in order to gain his Port in the ſhorteſt time poſſible. 

Bur, | 
 Tho' this way be very Expeditiovs, and in ſome Caſes exact enough 
for common Ule, yet it is by no means proper to depend altogether 
upon it, but rather to keep the Account of the ſeveral Runnings in 
Numbers, finding the ſeveral Eaſtings, Weſtings, Northings or 
Southings, and Tabulizing of them after the former Methods, and 
then it at any time his Curioſity ſhall lead him to Examine how exact 
he has been in his Workings, 1t will be of Uſe to him. 

3. Let it be required to lay down a Place upon the Chart, by its 
Bearing and Difference of Latitude from another Place. 

Count the Difference of Latitude either Northward or Southward 
(as the Cale requircs) on the Graduated Meridian from the given La- 
tit: de, and thro' the Point laſt found draw a Parallel of Latitude, 
and lay a Ruler over the given Place, and parallel to the given Rumb 
Line, where this cuts the Parallel before drawn, gives the Place re- 

ured. 

4. Let it be required to lay down a Place upon the Chart, from 
its Diſtance and Difference of Latitude from another Place. 
Having drawn the Parallel of Latitude as before, by the help 
of the Difference of Latitude, take the given diſtance between the 
Points of the Compaſles, and ſetting one foot in the Place given, 
with the other croſs the Parallel before drawn, and the common In- 
terſection will give the Place required, f | £ 
5. Let 
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5. Let it be required to lay down a Place upon the Chart, from 
its Bearing and Meridionai Dutance from another Place. 

Count the Meridionai Diitance in the Graduated Parallel from 
the Meridian, paſling thro* the Place given; either Eaſtward or 
Weſtward (as the Calc requires) and thro' the Point laſt found draw, 

a Meridian Line; where tliis interſects the Rumb Line drawn para! 
jel to the Bearing, will give the Place required. | 

6. Let it be required to lay down a Place upon the Chart, from 
its Diſtance and Meridional Diſtance, from another Place. | 

By the help of the Meridional Diſtance, draw the Meridian pro- 

er to the Place you would find, then with the diſtance of the two- 
Places between the Points of the Compaſles, ſetting one foot in the ®  ® 
Place given, turn the other about, till it interſects the Meridian laſt 
drawn, which will give the Place required. *$ 

By the help of theſe Rules, may the Place of a Ship in the Chart 
be found from any poſſible Data, if inſtead of the Bearing of two Pl.- 
ces, you make Ule of the Courſe the Ship has Steer'd. 

It would be needleſs to illuſtrate theſe Rules by Examples, ſin ce 
he that underſtands what has gone before, will find it no matter o 
Difficulty to reſolve either of theſe, or any other of the ſame Natur: 
with thoſe that have been propoſed in failing, by the help ot the 


Chart only. 


LTTELELEE TE IETITECELTCELEELETTITEAY 
Sect, VIII. 


Of ſailing under a Parallel. 


ITHERT O we have conſidered the Superficies of the - 
H Earth as a Plain Surface, and the Meridians as parallel to each. | 
other, and conſequently the Degrees of Longitude equal to each other 
in all Places, and equal to the Degrees of Latitude; which tho' it be 
notoriouſly falſe in it ſelf, yet when a Voyage is performed near the 
Equator, or a large one is divided into ſeveral ſmall ones, eſpecially 
if the Ship return Home on or near the oppoſite Rumb, a tollerable 


good Account may be kept thereby. 


* For 
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For that the Degrees of Longitude grow leſſer and leſſer, the 


nearer you approach the Pole, is maniteſt from the adjacent Figure; 
| | | in which P repreſents the Pole, PZ 2 


a Quadrant of the Meridian, C © the 
_—— Semidiameter of the Equator, and OZ 
4 | the Semidiameter- of any Parallel of 
$ 0 = T, Latitude, which 1s to the Semidiame- 
| ter of the Equator C ©, as the Sine of 

F | the Arch PI, to the Sine of the Arch 
|; PO: That is, as the Co-ſine ot the 

E. A Lacitudeof the Place L, or Sine of the 

Diſtance of that Parallel, from the Equa- 
| tor to the Radius. 
 Whence, (becauſe the Circumferences ot all Circles are as their 
Radij directly, as has been already ſhewn) it follows, | 
1. That the Circumference or Length of any Parallel, is to the 
Circumference or Length of the Equator, as the Co- ſine ot the La- 
titude, or diſtance ot that Parallel from the Equator, to the Radius. 

Aad ſince ſimilar Parts have the ſame Ratio with their Wholes, 
it follows, 3 775 | | | 

2. That the Length of a Degree of any Parallel, is to the Length 
of a Degree of the Equator, as the Co- ſine of the Latitude, or di- 
{tance of that Parallel from the Equator, to the Radius. 

3. Hence the Number of Miles contained in a Degree of the Equa- 
tor being given, the Number of Miles contained in a Degree of any 
Parallel may be readily tound; and conſequently 

4. The Length of any Portion of the Equator being given, the 
Length of the correſpondent Arch of any Parallel is likewiſe given; 
and the contrary. | 

And ſince the Difference of Longitude is no other than the Length 
of the Portion of the Equator, intercepted between the Meridians 
paſſing thro the given Places, Hence we are taught an eaſy way, 
how from the Difference of Longitude between any two or more 
Places, lying in the ſame Parallel, to find the diſtance between them ; 
or from the diſtance firſt given, to find the Difference of Longitude ; 


as all be Exemplified in the following Problems, 


PROB. 
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Problem . 


The Difference of Longitude between two Places, both lying 
under the ſame Parallel of Latitude being given, to find the Diſtance 


between them. : 
Example. | 
Suppoſe a Ship from the Lizard in the Latitude 50 deg. oo min. 
North, fail due Weſt, until her Difterence of Longitude be 48 dep. 
50 min, equal to 2930 Nautical Miles, and it be required to find the 
Diſtance ſail'd in that Parallel, oh 
| Geometrically, 

1. Make AQ equal to the Difference Þ 
of Longitude 2930 Miles. 

2. With the Sine of 90 deg. oo min, 
upon 4A, deſcribe an Iſoſceles Triangle 
AP, then will P repreſent the Pole, 
AQ a Portion of the Equator, PQ the 
Meridian of the Lizard, and PA the Me- 
ridian of the Place the Ship is in. 


3. With the Sine of the Complement of Latitude of the Lizard, 
ſetting one Foot of the Compaſſes in P deſcribe the Parallel NL, 
then will L repreſent the Place of the Lizard, and N the Place of 
the Ship, and let the Line NL be drawn, and it will be by the 17th 


Prop. of Part tne 187. þ 
As PQ: PL:: QA: LN. That is, 


As the Radius — — — I0.0000000 

To the Co- ſine of the Latitude 50* % — 9.808067 5 

So is the Difference of Longitude 2930 | 3. 4668676 

To the Diſtance in that Parallel 1883.36 DO APC PEI 
Problem 2. BT 


If the Diſtance ſail'd in any Parallel of Latitude be given, to find 


the Difference of Longitude, i. e. 
If a Ship from the Lizard in the Latitude of 50 deg- oo min. 


North, ſail due Weſt 1883.36 Miles, and it be required to find how 


much ſhe has altered her Longitude, 
11 | Geomes- 
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Geometricaily, 

P 95 1. Upon NL equal to 1883.36 Miles, 

| with the Sine of 40 deg. oo min. equal 

to the Complement of the Latitude, de- 


ſcribe the Hoſceles Triangle NPL, and 
produce the Sides PL, PN, to Q and 4, 


* L 
N till PQ and PA be each go deg. oo min. 
— - and draw AQ, which will be equal to 
42 © the Difference of Longitude. Wherefore, 
As PL: PQ: : LN: A. That is, 


As the Co- ſine of the Latitude 50 00'——————g.8080675 
To the Radius — — .—ͤͤ — 10. ooooooo 
So is the Diſtance ſail'd 1883.36 — — 3.274933 
To the Diflerence of Longitude 2930 ——— 354668658 


— 


Which converted into Degrees, make 48 deg. 50 min. 
So that in failing 1883.36 Miles, in the Parallel of 50 deg. oo min, 
the Ship will alter her Longitude 48 deg. 50 min. 
Problem 3. 
The Diſtance ſail'd under any Parallel of Latitude, and the Diffe- 
rence of Longitude being given, to find the Latitude of the Parallel 
; Example 
If a Ship in ſailing 1883.36 Miles Weſt, alters her Longitude 
48 deg. 50 min. or 2930 Miles, and it be required to find the La- 
titude the is in. ks 
| Geometrically, 
i* Upon AQ equal to the Difference of 
Longitude 2930 Miles, with the Sine ot 
go deg. oo min. deſcribe. the Iſoſceles 
Triangle 45, and let fallthe Perpen- 
dicular PR. | 
2. With half the Diſtance ſail'd, draw 
DL parallel to PR, where this interſects 
the Meridian in L, gives the Place of 
the Ship, and QL will be the Latitude 
ol the Parallel required; to find which by 
Calculation it will be, N 
| | 5 
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As AQ: NL:: PO: LP. That is, 


As the Difference of Longitude 2930 —3.4668676 
To the Diſtance ſail'd 1883.36 — 32775333 

So is the Radius —— = — - 1 0.0000000 
To the Co- ſine of the Latitude 50 00' ————— g.8080657 


; Problem 4 
Suppoſe two Ships in the ſame Parallel of Latirnde but under 
different Meridians, ſail both directly North the ſame Number of 
Miles; let it be required to find their Diſtance aſunder. 
Example 
Suppoſe two Ships, one at the Madera the other at Bermudas, both 
Places lying in the Latitude ot 32 deg. 20 min. North, and diſtant 
from each other 2380 Nautical Miles, ſail directly North 600 Miles* 
or till they are arrived in the Latitude of 42 deg. 20 min, North 
and it be required to find their diſtance aſunder. 


Geometrically. 


1. Upon BM equal to 2380 Miles de- 
ſcribe an Iſocſeles Triangle BPM with the 
Sine of 57 deg. 40 min. the Complement 
of the Latitude of the two Places. 

2. Set off the Co- ſine of 42 deg. 20 min. 
the Latitude the Ship ſail'd into from P 
to S and S, then will S, S, be the reſpective Places of the Ships, and 
SS their diſtance aſunder; to find which by Calculation it will be 

As PM: PS:: MB: SS. That is, 
As the Co- ſine of the Latitude they ſail'd from 32 20' 99268314 
To the Co. ſine of the Latit. they ſail'd into 42 20 9.868785 1 


So is their diſtance firſt, given 23860 ————— . pn 
To their diſtance required 2082 ————— = 3185306 


Whence it appears, that two Ships in ſailing 10* directly N. one 
from Madera and the other from Bermudas, are got nearer to each o- 
ther by 298 Miles, which is ; part nearly of the diſtance fitſt given ; 
and is another Inſtance of the Imperfection of the Plain Chart, which 
ſuppoſes the diſtance between theſe two Ships, to be the ſame in both 
Latitudes. 

Theſe are the Principal Queſtions in this kind of Sailing, tho' o- 
thers may be propoſed ; an Example or two of which I ſhall give 
for the Learner's Practice. 

Ti 2 1. Suppoſe 
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I. Suppoſe two Ships in the Latitude of 325 oO N. diſtant aſunder 
2380 Miles, ſail due N. till their mutual Diſtance be 2082 Miles; 
let it be required to find the Diſtance ſail'd and Latitude they are in. 

Anſwer, Diſtance ſail'd 690 Miles, Latitude come into 42" 20 'N, 

2. Two Ships in the Latitude of 42 deg. 20 min. North, differ- 
ing in Longitude 48 deg. 50 min. ſail both directly South, till ar- 
riving at two Iſlands, both (by Obſervation) are found to be in the 
Latitude of 32 deg. 20 min. North; let it be required to find each 
Ships Diſtance ſail'd, and how far the two Iſlands are aſunder. 

Anſwer. Each Ships Diſtance ſail'd is 600 Miles, and the mutual 
Diſtance between the I{lands is 23 80 Miles. 

By the help of the firſt Problem is the following Table made, 
ſhewing the Miles of Latitude anſwering to a Degree of Longitude 
in any Parallel of Latitude, of great uſe for the ready reſolving all 
Problems of this kind. * 


4 TABLE ſhewing how many Miles Auſwers to a Degres 
of Longitude, at every Deeree of Latitude. 


2. LI Miles. [O. L.] Miles. D. L. Miles. 767 Miles. 


1 5.92355. 231] 45 4 43 || 67 23. 45 
ju #43 159 8 || 25 54. 38 | 47 40. 92 ]| 21. 50 
4+ 59. 86 j| 26 | 53. 93 {| 48 40. 15 70 | 20. 52 
5 | 59. 77 || 27 | 53-. 46 | 49 | 39 36.1] 71 | 19. 54 
6 | 59 67 28 | 52.. 97 | 50 | 3% 57 [72 | 18. 55 
7 [5% 562952. 47 51 | 37. 76]] 73 | 17, 54 
8 59. 4220 51. 96 52 | 36 94 || 74 | 16. 53 
9 | 59. 265} 31 | 51. 435336. 111} 75 [ 15. 52 
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Tho this Table be made only to whole Degrees of Latitude, yet 
it will not be difficult to make it ſerve for any Latitude whatſoever ; 
by faying as 1 Degree is to the Difference between the next greater 
and leſſer Tabular Latitude, ſo is the Exceſs of the Latitude propo- 
ſed above the next leſs Tabular Latitude, to a proportional Part ; 
which added to the Miles anſwering to the next leſs Tabular Lati- 
tude, will give the Miles anſwering to the Latitude propoſed. Thus, 

If it were required to find the Miles anſwering to a Degree of 
Longitude, in the Latitude ot 51* 32', it will be, | 

As 1 Degree or 60 Minutes, to 82, the Tabular Difference be- 
tween the Miles anſwering to 51 and 525, ſo is 32' the Exceſs of 
the Latitude given above 5x”, to 44.7 ; which therefore ſubſtracted 
from 37.76, the Miles anſwering to 51 Degrees, gives 37 31, the 
Miles anſwering to 1 Degree in the Latitude of 51 32”. | 

By the help of this Table, it will be eaſy to Convert Degrees of 
Longitude, into Miles of Diſtance, or Miles of Eaſting or Weſting, 
into Degrees of Longitude, in any Latitude whatſoever. For, 

1. If it were required to Convert Degrees of Longitude into 
Miles of Diſtance, it will be 

As 1 Degree to the Miles anſwering to-x Degree in the Latitude 
propoſed, ſo is the Diflerence of Longitude to the Miles of Diſtarce. 
Wherefore, 

It two Places lie Eaſt. and Weſt of each other, in the Latitude of 
43 20' whoſe Difference of Longitude is 25 27', and it be required 
to find the Diſtance between them, having found out the Miles an- 
ſwering to 1 Degree, in the Latitude of 430 200, viz. 43.64. it will be, 

As 60 Minutes to 43.64, 10 is 2* 27' or 147 Minutes, to 106.92. 
Miles ; the Diſtance between them, 


Again, 
2. If it were required to Convert Miles of Eaſting and Weſting 


into Degrees of Longitude, 

Having found out in the Table the Miles anſwering to a Degree 
of Longitude, in the Parallel under which you ſail it will be, 

As the Tabular Miles to 1 Degree, ſo is the Miles you have 
ſail'd, to the Degrees of Longitude. 

Suppoſe I have ſail d 104 Miles under the Parallel of 43* 30 
and it be required to know how much I have altered my Longitude, 


it will be, | 
As 
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As 43.52 the Miles anſwering to 1 Degree, in the Latitude of | 
43 deg. 30 min. to 104 the Miles of Diſtance; ſo is 1 Degree, to 
2 deg. 23 min. the Difference or Alteration of Longitude, and ſo 
for the reſt, | c 


By the help of this Table, may all the Problems prop and g 
Section be eaſily reſolved, but this I leave to Exerciſe the Ingenuity | 
of the Young Student. | = 


CO A TT AT ATATR 
Section IX. 


Of Sailing by the Middle Latitude. 


By the Method propoſed, and made Uſe of in the laſt Sion, 
tio” a perfect Solution can be given, to no Queſtion, except ſuch 
- wherein the Courſe is directly under ſome Parallel or Meridian, yet, 
if the Places arc not very far to the Northward or Sonthward of the 
Equator, and even in this Cafe not very far aſunder; and their Me- 
ridional Diſtance be converted into Miles of Longitude, according 
to the Proportion of the Middle Latitude between them, to the Ra- 
dins, the difference will be fo very mall, that almoſt in all Caſes it 
may ſafely be rejected; as will manifeſtly appear, it the following 
Solutions be compared with thoſe deduced from the true Method. 


Caſe I. 


Given both Latitudes, and the Difference of Longitude, to find 
the direct Courſe and Diſtance. 


Example 


Let it be required to find the direct Courſe and Diſtance between 
the Lizard in the Latitude of 50 deg. oo min. North, and 'Barbadoes 
in the Latitude of 13 deg. 30 min. North, differing in Longitude 
52 deg. 58 min. Barbadoes lying ſo much to the Weſtward of the 


- Lizard. 
Geome- 


Geometric ally. 

1: With 90 deg. oo min. taken 1 i 
off the Line of Sines, ſetting one JN 7 
Foor of the Compaſles in A, ſweep 1 * 
the Arch DE, till DE be equal to | 4 
the Difference of Longitude 3 178. 2 I 
Miles, and draw AE. NS N 8 

2. With the * * 5 15 75 the c 
Complement of the Middle Lati- 2 S (7 
rae? deſcribe. the. Arch FG, and = Merid: Dist B 
draw FG. 


3. Make AB equal to the Difference of Latitude 2190, and ſet 
off the Meridional Diſtance FG from B to C, and draw AC, which 
will be the Diſtance required ; and BAC the Angle of the Courſe. 

To find which by Calculation, becauſe it is, 

AF Co-ſine of Mid. Lat.: AD,R : : FG Mer. Diſt. : DE Dif. Long. 
AB Diff. of Lat. : R : : BC Mer. Diſt.: t, BAC Courſe. 
it will be (by the 12th of the 15th.) 

As AB: AF: : DE :t, BAC. That is, 


As the Difference of Latitude 2190 3-3424441 
To the Difference of Longitude 3178 —— ——3.502 1539 
So is the Co- ſine of the Mid. Lat. 31% 45'—- —9.9295 989 


To the Tangent of the Courſe 50? 59' ————— 10.0913 087 


For the Diſtance AC it will be, 
As R: AB: : Sec. BAC : AC. That is, 


As Radius — — — =——10,9000090 
To the Difference of Latitude 2190 — 3.3404441 
So is the Secant of the Courſe 50® 5 9' — 10. 2009722 
To the dire& Diſtance 3478787 ——— 35414163 


Whence it appears, that the direct Courſe is S. 50 deg. 59 min. 
W. or 8. W. 5 deg. 59 min. W. Diſtance 3478.87 Miles, differing 
from the true Courſe obtained (by Mercator Sailing) o deg. 53 min. 
and from the true Diſtance 64.73 Miles, (See the 24 Problem of 
Mercators Sailing) which conſidering the great Diſtance, is not very 
Conliderable. f Caſe 


* 
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One Latitude Courſe and Diſtance ſail'd being given, to find the 
other Latitude and Difference of Longitude. L; | 
| Example. ; 
- Suppoſe a Ship from the Lizard, in the Latitude of 50 deg. oo min. 
North, ſails 150. Miles upon the direct Courſe to Barbadees, or 8. 
50 deg. 06 min and it be required to find the Latitude the Ship 
is in, and how much ſhe has altered her Longitude. | 


With the Courſe 50 deg. os min. and 
Diſtance ſail'd 150 Miles, Conſtruct the 
Triangle ABC according to the Directions 
os | given in che 157 Caſe of Plain Sailing, then 
c ns will AB be the Difference of Latitude, to 

ND find which by Calculation it will be, 


As R: AC: : cs, BAC: AB. That is, 


*As the Radius- ——— 10.0000000 
To the Diſtance ſail'd 1g 0————————1760913 

So is the Co-ſine of the Courſe 50 06'—————9.8071626 
To the Difference of Latitude 96.2 — 1 9832539 


Hence, becauſe the Ship ſails ſrom a North Latitude Southerly, 
the Latitude come into is 48 deg. 23 min. 2 North, and conſequent- 
ly the Middle Latitude is 49 deg. 11 min. 52, 

Conſtr. On A, as a Center, with the Sine of 40 deg. 47 min. 28 9 
the Complement of the Middle Latitude, deſcribe the Arch FG, 5 
and make FV equal to the Meridional Diſtance BC, and produce . 
A to E, till AE=AD, be equal to the Sine of 90 deg. oo min. 
and _ DE, which will be the Difference of Longitude. And 
becauſe, TSS E | 
AC Diſtance,fail'd : R:: BC Merid. Diſtance : S. BAC the Courſe. 
AF Co-fine Mid. Lat: AD, R:: FG Mer. Dift.: DE Diff. of Long. 
it will be by the 125% of the 15th, 


As AF: 4C::S.BAC: DE, That is, 


As 
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As the Co- ſine of the Middle Latitude 49.11;3-——9.8152074 


To the Diſtance ſail'd 150 — . 21760913 
So is the Sine of the Courſe 50? 06' ———-—————9.8348889 
To the Difference of Longitude 176.025 = 22457728 
Cr 2 deg. 56 min. in this Caſe Weſterly. EY 
Caſe III. 


Given both Latitudes and Courſe, to find the Diſtance ſail'd and 
Difterence of Longitude. 


Example · 


- Suppoſe a Ship from the Liard in the Latitude of 50 deg. oo min. 
North, fails S. 50 deg. os min. Weſt, until by Obſervation ſhe be 
found to be in the Latitude of 48 deg. 23 min. 25 North, and it be 
required to find the Diſtance ſail'd and Difſerence of Longitude. 


Geometrically. 


1. Having found the Difference of La- EG A. 
titude AB equal to 96.2 Miles, by the / 
Rules given in Se. the 1ſt. Conſtruct | 
the Triangle ABC, according to the 24 


Caſe of Plain Sailing. 

2. Make AF equal to the Sine of 40 deg. c | B 
48 min. 5 the Complement of the Middle Kh 
Latitude, and FG equal to BC the Meridi- | D 


onal Diſtance, and produce AG to E, till AE equal to AD be equal 


to the Sine of go deg. oo min. and draw ED; which wil 
Difference of Longitiide required. And becauſe, PROTON 


AB Diff. of Lat. R:: BC Merid. Diſt. : t. B Ac, the Courſe, 
AF,Co-ſine of Mid. Lat.: R:: FG,Merid. Diſt.: DE, Dif, of Longit. 
it will be, (by the 12th of the 15th) 


AF: AB:: t, BAC: DE, That is, 
KK 
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As the Co: ſine of the Middle Latitude 4911 —9.8152074 


To the Difference of Latitude 96. 2 ——1.9831751 
So is the Tangent of the Courſe 50" o06'— —10,0777263 
To the Difference of Longitude 176.02 — 2.246940 

| acl. Al 


The Diſtance ſail'd may be found by the 24 Caſe of Plain Sailing, 
For, R: AB:: Sec. BAC: AC. That is, 


As the Radius — — I0.0000000 
To the Difference of Latitude 96.2 — 1.983 1751 
So is the Secant of the Courſe 50? 06' —— 10. 1928374 


ww 


To the direct Diſtance ſail'd 5. 76012 


Caſe IV. 


Both Latitudes and Diſtance ſail'd being given, to find the ditec 
Courſe and Difference of Longitude. | 


Example. 


Suppoſe a Ship from the Lizard in the Latitude of 50 deg. oo min, 
North, ſails between the South and Weſt 150 Miles, and then by 
Obſervation is found to be in the Latitude of 48 deg. 23 min. ;3 
North, and it be required to find the direct Courſe and Difference 
of Longitude. | 2 

Geometrically. 

1. Having found the Difference ot La- 
titude AB=96.2 Miles, with it and the 
Diſtance ſail'd Conſtruct the Triangle 
ABC, according to Caſe the 3d of Plain 
Sailing. 

N 2. With the Sine of 40 deg. 48 min. 
| E the Complement of the Middie Latitude, 
"IE deſcribe the Arth FG, till FG be equal 

| to BC the Meridional Diſtance, and 

make AE and AD each equal to the 
Sine Of go deg. oo min. and draw DE the Difference of Longitude, 
and it will be, As 
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As AC: R:: AB:t, BAC, That is, 


— — 


As the Diſtance ſaild 150————— n 
To the Radius - — lo. ooo ooo 

So is the Difference of Latitude 96.2 — 1.983 1751 
To the Co- ſine of the Courſe 50" O62 2.807083 8 


Again, for the Difference of Longitude. Becauſe, 
AC Diſtance ſail'd R:: BC Merid. Diſt. : 8, BAC the Courſe 
AE, Co-ſine of Mid. Lat. :AD, R:: FG Merid. Diſt.: DE Dif. Long. 
it will be (by the 12th of the 15th.) 
As AF: AC: : S. BAC: DE. That is, 


As the Co-ſine of the Middle Latitude 49 11'73——9.815 2074 
To the Diſtance ſail'd 150 —Ä!ñρ.t' p' 2.1760913 

So is the Sine of the Courſe 50 06'; ———9,49417 
To the Difference of Longitude 176. 12—————2.2458256 


— — 


Hence the direct Courſe is S. 3; deg. 06 min. + W. Difference of 
Longitude 176. 12, equal to 2 deg. 56 min. 2 Weſterly. 


Caſe V. 


Given one Latitude, Courſe and Meridional Diſtance, to find the 
other Latitude, Difference of Longitude and Diſtance ſail'd. 


Example. 


Suppoſe a Ship from the Lizard in the Latitude of 50 deg. oo min. 
N. fails S. 50 deg. 06 min. Weſt, until her Meridional Diſtance be 
115-1, and it be required to find the Latitude come into, direct Di- 
ſtance ſail'd, and Alteration of Longitude. 

By the help of the Courſe 50 deg. os min. 


ECE A 
and Meridional Diſtance 115. 1 Miles let 7 
the Triangle ABC be Conſtructed, accord- 
ing to the Directions given in the 6th Caſe 
of Plain Sailing. Then for the Diſtance "tf 
ſail'd it will be, | GT r 


K k 2 As 


89 * 


—v— — _ 
— — — — — — 
— — — 


| 
| 
| 
| 
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As S. BAC: BS: R: AC. That is, 
As the Sine of the Courſe 50 deg, 06 min ——— —9.8848889 
To the Meridional Diſtance 115.1 | -2.06 10753 
So is the Radius — x- 10.0000000 
To the direct Diſtance 150.0}————— —— 2.1761864, 


For the Difference of Latitude it will be, "IF 
As t, BAC: BC: : R: AB. That is, 


As the Tangent of the Courſe 50? 06'————10.077726; 
To the Meridional Diſtance 115.1— —2.0610753 
So is the Radius. -+——10 0000000 
To the Difference of Latitude 96.2—— ———— 1.983 3490 


Hence, becauſe the Ship fails from a North Latitude Southerly, 
the Latitude come into will be 48 deg. 23 min. North, and con- 
ſequently the Middle Latitude 49 deg. 11 min- 8. 

Conſtruction. Make AF equal to AG, equal to the Sine of 40 deg. 
48 min. the Complement of the Middle Latitude, and GF equal 
to BC the Meridional Diſtance, and produce AG to E, till AE e- 
qual to AD, be equal to the Sine of go deg. oo min. then will DE be 
the Difference ot Longitude ; to find which it will be, 


As AF: FG:: AD: DE, That is, 
As tlie Co- ſine of the Middle Latitude 49 1172— 9.815 2074 


To the Radius ———— — — —— 10.0000000 
So is the Meridional Diſtance 115.1 ——2-0610753 
To the Difference of Longitude 176.12 ——2. 2458679 


— — — —aa 6 


Or 2 deg. 56 min., 32, in this Cale Weſterly. 
| Caſe E VI. 


Given both Latitudes and Meridional Diſtance, to find the Courſe, 
Diſtance, and Difference of Longitude. 


Example 


of Plain Sailing · Then to ſind the Courſe 
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a Example 

Suppoſe a Ship from the Lix ard, in the Latitude of 50des. on wi; 

ſails 3 the South and Weſt, until her Meridonal Babes — 

115-1, Miles and then by Obſervation is found to be in the Latitude 

of 48 deg- 23 min. 5 North, and it be required to find the Courſe, 

direct Diſtance and Difference of Longitude. 1 
| Geometrically. E G os 
By the help of the Difference of Latitude 

96.2, and Meridional Diſtance 115. 1. Let 

the Triangle ABC be Conſtructed, accord- 

ing to the Directions given in the 4th Caſe Py 


it will be, 
As AB: BC :: R:t, BAC. That is, 
As the Difference of Latitude 962 — 1.9831751 
To the Meridional Diſtance 115.1— —2.0610753. 
So is the Radius — — — ro. ooo 
To the Tangent of the Courſe 50 07 10.0779002 - 


Or S8. W. 5 deg. 07 min. Whence for the direct Diſtance it will be, 
As the Sine of the Courfe 50 deg. 07 min .— 9.8849945 


To the Meridional Diſtance 115.1— 2.06 10753 
So is the Radius — 10. oo 


— — 


To the direct Diſtance 1y0———————— —-—2.,1760808 
Conſtr. Make as before AF equal to AG, equal to the Co- ſine of N 
the Middle Latitude 49 deg. 11 min. the ;3, FG equal to BC, the 
Meridional Diftance 115-1, AE equal to AD, equal to the Radius, 
then will DE be the Difference of Longitude ; and it will be, 


As the Co-ſine of the Middle Latitude 49 11' 534——9.8152074 
To the Radius —— ee 

So is the Meridional Diſtance 115.1 20610753 
To the Difference of Longitude 176.12 2,245 8679 | 


— os 


Caſe . 
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Caſe VII. 


Given one Latitude, Diſtance ſail'd and Meridional Diſtance, to 
find the other Latitude, Courſe and Difference of Longitude. 


Example. 


Suppoſe a Ship from the Lizard, in the Latitude of 50 deg. oo min, 
North, fails between the South and Welt 150 Miles, and is then 
found to have departed from her former Meridian 115.1 Miles, and 
it be required to find the Latitude ſhe is in, her direct Courſe and 
Difference of Longitude. 


Geometrically, 


With the Diſtance Run 150 Miles, and 
Meridional Diſtance 115.1, Conſtruct the 
Triangle ABC by Caſe the 5th of Plain 
Sailing. Then is BAC the. Angle of the 


Courſe ; to find which by Calculation, it 
will be, 


As the Diſtance ſail'd 150 —. — 2.176091} 
To the Radius — — ——n.— 10.0000000 

So is the Meridional Diſtance 1 15.1— —2,0610733 
To the Sine of the Courſe 50 deg. o min. 9.8849840 

- Whence to find the Difference of Latitude it will be, 

As the Tangent of the Courſe 50 deg. o/ min, 10.0779830 
To the Meridional Diſtance 1 15.1 —-—— 2,0610753 

So is the Radius — - -10.0000000 
To the Difference of Latitude 96.2= 1. 9830923 


Whence the Latitude come into will be 48 deg. 23 min. . North, 
and conſequently the Middle Latitude 49 deg. 11 min. +2. 
2. With the Middle Latitude and Meridional Diſtance Conſtruct the 
Triangles AFG, ADE, as in the three former Caſes and, it will be, 
For the Difference of Longitude, 


As 
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As the Co-fine of the Middle Latitude 491172 ——9-8152074 

To the Radius ———_ ————— 10.0000000 

So is the Meridional Diſtance 115. t——— 2.0610753 

To the Difterence ot Longitude 176.12 —— 2.2458679 
Caſe VIII. 


Given one Latitude, Difference of Longitude and Meridional 
Dilance, to find the other Latitude, Courſe and Diſtance ſail'd. 


Example. 


Suppoſe a Ship from the Lizard, in the Latitude of 50 deg. oo min. 
North, ſails between the South and Weſt, until her Difference of 
Longitude be 176.12 Miles, and then is found to have departed 
from her former Meridian 115.1 Miles, and it be required to find 
the Latitude ſhe is in, her direct Courſe and Diſtance ſail'd. 


Geometrically, 
1. Make AD equal to the Sine of 90 deg. A 
oo min. and draw DE Perpendicular to it, equal 4 
to the Difference of Longitude 176.12, "0 
e 
2. Draw G m parallel to AD, at the diſtance 62 5 
of the Departure equal to 115. 1, where this in- . | 
terſects AE, as in &, draw GF parallel to ED, _ . D 
then wil! AF be the Co- ſine of the Middle La m 
titude ; ro find which, it will be, ; | 
As the Difference of Longitude 176-12 — 2.245679 
To the Meridional Diſtance 115.1 —— ——— 2:0610753 
© | So is the Radius ———— ——— — —— 10.-0000000 


*. — 
? 
* 


To the Co- ſine of the Middle Latitude 499 11';3—9-8$152074 


vt | 
| 91 Hence the Latitude come into is 48 deg. 23 min. 3 North, and 
"i conſequently the Difference of Latitude is 96.2 Miles. | 

Conſtr. Make AB equal to 96.2 Miles, and BC equal to FG 
the Meridional Diſtance, and draw AC, which wiil be the Di- 
ſtance ſail'd, and the Angle 4 the Angle of the Courſe ; to find 
which, it will be, | 

As 


f 
- 
F 
| 
* 
z 


— 0 
TT 22 U 8 · ·˙*⁵⅛ö³ r <7 ns .,- 
* . 
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determined, and capable of as many Anſwers as there may be aſſigned 


"Compleat as poſſible, I ſhall add one Traverſe, with its actual Solu- 
tion; and omit the Proceſs, judging it needleſs to any one that un- 
derſtands what has been faid upon this Subject. 


— 
— — — ́ —FR 


As the Difference of Latitude 96.2——=—— =; 08319; 


To the Meridional Diſtance 115 1 ——— — 2.061075 3 
So is the Radius — — | — = 10.00000G0 
To the Tangent of the direct Courſe 50" 07' -- 10.077900; 
For the direct Diſtance ſail'd, it will be, FOR 
As the Sine of the Courſe 50 deg. 07 min. —-——9.8849945 
To the Meridional Diſtance 1151 2.06 10753 
So is the Radius — — 10,0000C00 
To the direct Diſtance 150 — — —2.1760808 


This Caſe according to the Rules of Middle Latitude Sailing is un- 


different Latitudes. | 
To the end that nothing may be wanting to render this Sec7;9;; as 


A Ship from a Port in the Latitude of 50 deg. oo min. North, 
ſails W. S. W. 26 Miles, then S. E. by E. 30 Miles, then S. W. by 
W. z W. 36 Miles, then W. 64 Miles, then S. W. 4 W. 15 Miles, 
then S. E. by S. 37 Miles. I demand the Latitude the Ship is in, 
and how much ſhe has altered her Longitude. 


Solution. 


| Diff of Lat. Biff of Long. 
Courles. Pts. Diſt. N. 8. E. | W. 
„„ 
S. E. by E. 530 — | 16.67] 38.56 
S. W. by W. 2 W. 536 — 1697 — 
S. W. 2 W. 4z | 15. — | 9.51] — 
S. E. by S: 3 [37 | — | 30:76] 31.45 


Diff. Lat, — 83-26 | 70.01 [201.91 | 


— EECNTTTIETIN | 


Diff. Long.— 
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Hence, becauſe the Difference of Latitude is Southerly, the Ship 
will be found to be in the Latitude of 48 deg. 36 min. 2 North; 
having altered her Longitude 2 deg. 11 min. Weſterly, diflering 
but rg of a Mile from the true Difference of Longirude ; as the 
Reader will eaſily ſee, if he compares this Solutiun with the Solution 
of the ſame Traverſe at the End of the 11th Section. | 

And indeed, whoever will be at the Pains to compare the Solutions 
of the ſeveral Queſtions in this Section, except the firſt, with the So- 
lutions of the ſame Problems according to Mercator, in Sect. the x 1th, 
(notwithſtanding the Places are ſo far to the Northward) will find 
ſuch an Agreement between them, that he would readily conclude 
that both Methods are equally true, if the contrary were not De- 
monſtrable. 25 

The abſolute Departure or Weſting in the preceding Traverſe, 
according to Plain Sailing, is 858 m- which reduced into Miles of 
Longitude, by the Rules of Middle Latitude Sailing, is 131.67 
Miles, equal to 2 deg- 11 min. 28, -diflering but +33 of a Mile from 
the Sum of the ſeveral Differences of Longitude, deduced from the 
ſeveral Courſes and Diſtances ſeparately, and but g of a Mile trom 
the true Difference of Longitude, deduced by the Rules of Mercators 
Sailing, which alone is a ſufficient Inducement to any one, who will 
not make Uſe of the true Method by Meridional Parts, to make Uſe 
of this at leaſt, ſince it will ſerve him without any conſiderable 
Error, in Runnings of 150 Leagues between the -Equator, and the 
Parallel of 3o Degrees; of too Leagues between that and 60 De- 
grees of Latitude; and of 50 Leagues, as far as we have any Oc- 
caſion, as is eaſy to be proved. 


e ee eee eee e ee 
Section X. 


Of Mercator's Sailing. 


\ | Hoever conceives the Superficies of the Terraqueous Globe to 
be Inveſted with a Rete or Net, compoſed of Meridians and 
Parallels, cannot but eaſily apprehend when that the ſame is Extended 
ona Plane (and fo diſtorted, as to make the Meridians become parallel 
to each other, and the 9 Longitude every where equal to 
each 


of AE 


Lge AA 


| | 
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each other, and to thoſe of Latitude) that very great and notori- 
ous Errors will unavoidably follow. 

For ſince, (as we have already proved) the Parallels decreaſe in 
the Proportion of the Sines of their Diſtances from the Pole, or 
which is the ſame thing, that a Degree of Longitude under any Pa- 
rallel, is to a Degree of Longitude under the Equator, as the Radius 
isto the Secant ot the diſtance of that Parallel from the Equator. The 
Repreſentation of Places in this Chart remote from the Equator, will 
be ſo diſtorted, that (for Inſtance) an Iſland in the Latitude of 60 De- 
grees (where the Radius of the Parallel is but half fo great as that of 
the Equator) would have its Length from Eaſt to Weſt, in Compa- 
riſon of its Bread th from North to South, Repreſented in a double 
Proportion of what indeed it is; (as Mr. Might very well obſerves 
in his Correction of Errors of. Navigation. 

To Rectify which, amongſt many other Inconveniencys he there 
takes Notice of, and to contrive a Projection in Plano, that might 

e liable to none of theſe, was the great Study of many of the An- 
cients; and tho'a Method was hinted by"Ptolomy himſelt, yet it was 
never happily accompliſhed, till undertaken by our Ingenious Coun- 
try-Man Mr. Edward Wright.. N 

Which he did by letting the Meridians remain parallel as before, 
and protracting the Degrees remote from the Equator, in like Pro- 
porton with thoſe of Longitude. That is, 

By making a Degree of Latitude ſo protracted, to a Degree of 
Latitude (which is every where equal to a Degree of Longitude in 
the Equator) as the Radius is to the Sine of the Diſtance of ſuch 
Parallel from the Pole, or as the Secant of its Diſtance from the 
Equator is to the Radius: The Reaſon of which is manifeſt from 
the following Figure. 5 

Where the Arch PTA repreſents a Quadrant 

ol the Meridian, P the Pole, CA the Semidiame- 

| ter of the Equator, and NT the Semidiameter 
of any Parallel of Latitude, which is to the Se- 

1 mediameter of the Equator, as the Sine of the 
| Arch PT is to the Sine of the Arch PA; that is 
| as CS to CA, as hath been proved in Se&. the 82h. 


From A draw AM parallel to CP, or perpen- 
dicular to CA, till it meet CT produced, in 4 
n 


—_— — — —— — — - 
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And becauſe NT equal to CS, is ſuppoſed every where equal to 
C4, and that CS is to CA, as CT is to TM; when CS becomes e- 
nal to CA, CT will become every where equal to CM, that is, 
the Semidiameter of the Meridian in any Parallel, is equal to the 
Secant of the Diſtance of ſuch Parallel from the Equator. 
Whence it follows, 

1. That a Degree of the inlarged Meridian, is every where equal 
to the Secant of the Arch contained between it and the Equator. 

2. That its diſtance from the Equator, ſhall be equal to the Sum 
of all the Secants contained between it and the Equator. 

3. That the diſtance between any two Parallels on the ſame fide 
of the Equator, ſhall be equal to the Difterence of the Sum of the 
Secants of all the Arches, contained between each of the Parallels 
and the Equator, 

4. That the Diſtance between any two Parallels on contrary ſides 
of the Equator, is equal to the Sum of the Sum of all the Secants, 
contained between each of the Parallels and the Equator. 

The Eſſential Property of this incomparable Projection, (which 
in moſt Caſes is 2 even to the Globe it ſelf) being thus found 
out and Demonſtrated, the next thing requiſite was a ready way for 
finding the Sum of the Secants of any given Arch. 

This Mr. Wirigbt did by the continual Addition of the Secants of 
1', 2', 3“, 4, 5', Cc. and thence formed a Table for the eaſy Di- 
viſion of the Meridian Line. 

After him the Famous Mr. Oughtred Conſtructed new Tables, by 
the. continual Addition of the Intermediate Secants, viz. of , 15, 
25, 33 Cc. min, which Tables have been ſince Corrected, and 
brought nearer the Truth by Sir Jonas Moor; and are thoſe that 
J formerly made Uſe of. f | 

And tho' either of theſe are ſufficiently exact for the Mariners Uſe, 
at leaſt as far as Navigation is practicable, yet it is abſolutely neceſſa- 
ry to let the Learner know how the ſame Table may be Calculated, 

indepently from the Length of the Arch of Latitude firſt given ; as 
well to make him intire Maſter of this moſt uſeful Branch, as to 
open a Way for him to Calculate the Meridional Parts to greater 
Degrees of Exactneſs it required. | 
Ic has been already ſhewn (in Part the 2d, Section the 2d, Page 79.) 
that if à be put for the Length of any Arch, the Radius being 
Unity, the Secant of the {ame I's will be, 1+ 2a* +, fat + $45 
14 + 
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T8 5,0 T36335354"* Cc. this therefore multiplyed by à, the 

4 . . 9 22 8 . ve 
Fluxion | of. the Arch, will give a-t2&a+,ja*a {a5 g | 
75744 at 55555:4 *a, Cc. the Fluxion of the Sum of the Secants 
its Integral or Flowing Quantity a+za? +7497 +&i-a” + 22,2 

gogzt In : 6 725764. 
Lea „ Oc. will be the Sum of all the Secants contained in, 
or which can be ſet upon the Arch a.. 


This again Multiplyed by - where 4 ſtands- for the Length of 


the Arch which- you deſign ſhall be the Integer or Unity, in your 
Meridional Parts, (whether it be a Minute, a League, or a Degree) 
will give the Meridional Parts of the Latitude propoſed, 

Now becauſe in the common Tables of Meridional Parts, the 
Arch of 1 Minute is taken for Unity, if the Series a+;a' + ,1ja'+ 
Fant 1 7 tA 4 Cc. be multiplyed by 0002 1 $82.5 Ge. 
which Number 000.290.888.20, Cc. is the Length of the Arch of 
Minute, the Radius being Unity, the Product will give the Me- 
ridional Parts anſwering to the propoſed Arch of Latitude a, 

Let it be required to find the Meridional Parts anſwering to the 


Arch of Latitude of 5 Degrees. 


The Length of the Arch of 1 minute 15 ——— 0002.9088-8208,65 
This multiplyed by the minutes in 5- deg. —=— 300 
Gives the Length of the Arch of 5 deg.= 0872.6646.2599 
Wherefore, put a= my 0872.6646.2599 
Then will 5$a*'=- - —— 41. 076.2019 
And 540) == — — ＋ 21.0875 
And — 2 —— à—ͤ— . —— + 466. 
And a Ta Ka % 0873.7743.5959 


This therefore divided by 00c 2.9088 8208.66, will give 300. 
381498, for the Meridional Parts anſwering to 5 deg. true to ſix 
Places of Decimals, or the Millionth part of a Mile. | 

Again, Let it be required to find the Meridional Parts anſwering : 
to the Arch of Latitude of 10 deg. 2 
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The Length cf the Arch of x min. is ——0902 9088.8 208.665 
This multiplyed by the min. in 10 deg. =— — 600 


— 


Gives the Length of the Arch of 10 deg. — —1745.3292.5199 


| — 


Wherefore put a as before — 1745.3 292.5 199 
Then will 14 —  — — + 8.8609.6155 
And r =o — — — | 

2 722 — — —— 9709 
And „T0 
And: b '= — 


| +14? = K 28 
. - ns TUE *. * = 1754-285 2.9702 
72,7% 392165 —— — — — 


This again divided by 0002.9088.8208.66, &c, will give 603 
,0695795, the Meridional. Parts anſwering to 10 deg of Latitude. 

After the ſame manner, may the Meridional Parts anſwering to 
any other Degree of. Latitude be founu : But if it be required to 
find them to one Place of Decimals only, which is as far as the largeſt. 
Tables Extend, and which is ſufficiently exact for all Nautical Uſes, 
above three fourths of the Labour will be ſaved. 

Again, inaſmuch as in the Stereographic Projection of the Sphere 
upon the Plane of the Equator, the Rumb Lines are proportional 
Spirals about the Pole, and the Differences of Longitude or Arches of 
7 the Equator, are the Exponents or Logarithms, of the Rationes of the 
1 ſeveral diſtances of the Pole from the Curve, or Arches of the Me- 
4 ridian intercepted between the Pole and the Rumb Line; which 


Latitudes in the ſame Projection: It follows, that the Differences 
of Longitude are the Logarithms of the Rationes of thoſe Arches one. |./.- 
to another. 

And ſince the Nautical Meridian Line, is no other than a Table. 
of the Longitudes, anſwering to each Minute of Latitude on the 
Rumb-Line, making an Angle ot 45 deg. with the Meridian, it is 
manifeſt that the Meridian Line is no other than a Scale of Logarith- 


mic Tangents, ot the half Complements of the Latitude. 
Nou, ſince in every Point of any Rumb Line, the Difference of. 
Latitude is to the Departure, as the Radius to the Tangent of tha. 


Avglc .. 


Arches are the Tangents of half the Complements of the ſeverall“?T' 


N 
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Angle that Rumb makes with the Meridian; and that thofe equal 
Departures are every where to the Ditterences of Longitude, as the 
Radius to the Secant of the Latitude; it follows, that the Differences 
ot Longitude on any Rumb, are Logarithms of the ſame Tangents, 
but of a diticrent Species, being proportioned to each other, as are 
the Tangents of the Angles made with the Meridian. 

Hence, from any Table of Logarithmic Tangents, it will be eaſy 
to find the Number of equal Miles of Longitude, anſwering to the 
Diſtance of any two Points in the Meridian Line of the true Chant, 
and conſequently to make a Table for the ready Diviſion of the ſame, 

For having determined the Angle which the Rumb Line makes 
with the Meridian, under which the Differences of the Logarithmetic 
Tangents are the true Difterences of Longitude, to every Degree 

or Minute of Latitude; it will be, as the Tangent of that Rumb is 
to the Tangent of the Rumb under which the Differences of Longi- 
tude anſwer to the Diviſions of the Meridian Line, ſo is the Diffe- 


rence of the Logarithmetic Tangents of half the Complement of auß 


two Latitudes propoled, to the Difference of Longitude on the pro- 
poſed Rumb ; or to rhe Meridional Difference of Latitude, between 
the ſame two Places on the true Chart: And ſo is the Logarithmic 
Tangent of half the Complement of the Latitude of any Place, to 
the Diſtance of the ſame Place from the Equator. 

Now, If we put Unity for 1 Minute of Longitude, as in the com- 
mon Meridian Line, becauſe the Length of the Arch of 1 Minute, 
the Radius being Unity, is 00029088820866, Cc. and the Index 

of the Briggs Logarithms (from which Placq's Tables are made) 
230258509299, Cc. it will be, as 230258509299, Qc. to 
290888208665, Cc. ſo is the Radius, to 126331143874, Cc. the Na- 
tural Tangent of 51 38'g” ; the Angle which the Rumb Line makes 
with the Meridian, under which the common Tables of Tangents 
are the true Differences of Longitudes. 3 
Wherefore, as 126331143874, Cc. to 1 Minute, ſo is the Diffe- 


rence of the Logarithmetic Tangents of half the Complements of 
the Latitudes of any two Places, to their Meridional Difference of 


Latitude in Minutes. Hence and from the foregoing, it follows, 
1. That the Difference of the Logarithmic Tangents, or 

Tangent Complements of half the Complements of the Latitudes 

of any two Places, on the ſame ſide of the Equator, divided by 


126331143874, Cc. will give their Meridional Difference of 1 
| | | 4$, at 
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* ,. That the Sum of the Differences of the Tangent of 45 deg. and 
the Tangents or Co-rangentsof half the Complements of the Latitude 
of two Places, lying on contrary fides of the Equator, divided by 
126331143874, Cc. will give their Meridipnal Difference of Latitude. 

That the Difference of the Logarithmic Tangent or Co-tan- 
gent, of half the Complement of che Latitude, and the Radius or Tan- 
gent of 45 deg. divided by 126331143874, Cc. will give the Meridi- 


onal Difference of Latitude in Minutes. Or which is the ſame thing, 


To half the given Latitude add 45 deg. and having found out the 
Logarithmetic Tangent of the Sum, ceject the Characteriſtic, and 


divide the Remainder by 126331143874, Cc. and the Quotient will 


give the Meridional Parts of the Latitude propoſed. 

Hence we are taught a more ready way to find the Meridional 
Parts contained between any two Places, or to form a Table for tlie 
more eaſy Diviſion of the Meridian Line in the true Chart, by the 
help ot the Logarithm Tangents only, of which I ſhall give an 
Example or two as follows, 


Let it be required to find the Meridional Parts anſwering to + 


5 deg. of Latitude. | 

From 10.00000.00000, the Logarithmic Tangent of 45 deg. e- 
qual to half the Diſtance of the Equator from the Pole. Take 
9.9620524617, the Logarithmic Tangent of 42* 3o', equal to half 
the Complement of the given Latitude. Or, 

From 10.0379475383, the Logarithmic Co-tangent of 42* 300 
equal to half the Complement of the given Latitude, take 10.0000 
.ooooo, the Logarithmic Tangent ot 45 Degrees. Or, » 


To 2? zo half of the given Latitude, add 45 Degrees, and from 


10.0379475383, the Logarithmic Tangent of their Sum 479 3o', 
take the Index or Characteriſtic ro, and divide the Remainder 
03794753 83, which in either Caſe is the ſame, by 12633.11438, and 
the Quotient 300. 38 1498, will be the Meridional Parts anſwering to 
the Latitude propoſed ; agreeing exactly with the former Calculation. 


Again, let it be required to find the Meridional Parts anſwering 


to 10 deg. of Latitude. 
Take 9.9238135302, the Logarithmic Tangent of 40 deg. equal 
to halt the Complement of the given Latitude, from 10.00000.00000 


the Logarithmic Radius, or. Tangent of 45 deg. and the Remainder 


will be 761864698. Or, 

Take 10.c0000.00000 the Logarithmic Radius, from 10.07618 
.64698, the Logarithmic Co-tangent of 40 deg. and the Remaindcr 
will be 761864698 as before. Or, Having 


1 
4 
i 
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5 
Having found the Logarithmic Tangent of 50 deg. equal to ile 
Sum of halt the given Latitude, and 45 deg. equal to 10.076 1864098, 
| and rejected the Index or Characteriſtic, and divided the Remainder 
761864698, which is the Same in cach Caſe, by 12633.11438, the 
Quotient 603.0695 79, will give the Meridional Parts of the Latitude 
propoſed, wiz. of rodeg. exactly the ſame with the former Calculation. 
Again, Suppoſe it were required to find the Number of Meri— 
dional Parts contained between the Latitudes of 5 and 10 deg. 
From 9.96205 24617, the Logarithmic Tangent of 42 deg, 
30 min. equal to hait the Complement of the leſſer of the two given 
Latitndes, take 9 9238135302, the Logarithmic Tangent of 40 deg, 
equa! to half the Complement of the greater of the two given Lati- 
tudes, and the Remainder will be 382389315. Or, 
Take 10.0379475 3 the Logarithmic Co- tangent of 4odeg. equal 
to half the Complement of the lefler of the two given Latitudes, 
from 10-0761864698, the Logarithmic Co-tangent of 42 deg. 30 min. 
half the Complement of the greater of the two given Latitudes, and di- 
vide the Remainder 382389315 the lame as in the former Caſe, by 
1263311438, and the Quotient 302.688081, will be the Number 
of Meridional Parts contained betweenithe Latitudes of io and 5 deg, 
or the Meridional Difference of Latitude between them, this therefore 
added to 3 00.38 1498, the Meridional Parts of 5 deg. will give 603. 
| .069579, the Meridional Parts anſwering to 10 deg: of Latitude as 
. before found: Or taken from the Meridional Parts of 10 deg. will 
| give the Meridional Parts of 5 deg. equal to 603.069579. 
| After the ſame manner may the Meridional Parts anſwering to any 
I! giren Latitude be found, or the Number of Meridional Parts con- 
| rained between any two given Latitudes, but for the farther Application 
| . of theſe Rules to Mercator's Sailing, I refer the Reader to Sef. the 12th 


C To gratify the Curious, as well as to Obviate a fooliſh and ſilly Ob- 
jection, uſually made by Ignorant and Unthinking People, again the 
| "Truth of Mercator's Sailing, (grounded upon a Notion they have 
| gat, that becauſe the Tables of Mer:dional Parts now in Uſe, being made 
| by a coutinual Addition of the Tabular Secants, are not ftriftly true: aud 
that therefore, the Concluſions drawn from them muſt be falſe.) I have 
| been at the Pain; to Calculate, de novo, a New and Correct Table of Me- 
. ridional Parts, after the manner taught in this Section, and to m1 
greater degrees of Exactneſi than any that have hitherto been Publiſſ d. 


[ 
NEW and CORRECT 


TABLE 


Meridional Parts - 


Toevery Degreeand Minute of Latitude; 


Computed after the manner taught in the prece- 
ding Pages. 


— 


62 
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A new and correct Table of Meridional Parts, | 
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= ET EE | — * 
Mer. Parts, Differ. Mer. Parts Differ. | Mer. Parts | Differ. 3 
2 o. oo 50.9040 | . 120 0244 5 ju 
1 1.0000 LY 61.0032 G04 a e Te 1 
2] 2, oooo ee. 62.0033] 1 000, | 122 0250 W 2 
3 3000 1 63-2035 1.0002 I 23.0262 . co 3 
4. 4 0000 er 64.0927 1.0001 | 1242265] | 000k 
5| - 5.0000 += 65 0038] —— . |——=T 
6] 6.0000 Pros 66.0040 1002 126.0282 on 6 
7] 79%0]| oo 97:29] 1.0002 272238 | f. oo 7 

| 8] 80000] 1 [ 8.0044 1.0002 | 128-9295 a 8 
n 69.0046] 0002 | 129.0302 kene g 
10 10.0000 70. 04 — 113003 | ——— 

— — — 1. COO 1.0082 — 1.00% 5. 
11] 11.0000 ene 71 0050 1. Coo | 131-0317 3 * 
12] 12,c000 | '*-R-e _ ©0952] 1 002 | 232-9324] ,* / 

| I 00co 003 I 0906 

13] 13-2000] ,s 77 5 1.0002 | 133-9332 Þ 1 007 
144 14 0000 * 74.0057 1. oo02 134. 3391 og 
15! __15-0000 75,0059 pom _135'0347 13 
16] 16,0001 OE 76.0062 by: ads I 136. 2355 Ve 
17 17-0001 rene 77-0064] 1.0003 137-235? 18800 
18 180001] 000 | 78-0067| 1-0003 1380371 17008 

19] 19*0001 eee, 79*0070| 1.0092 | 139-0379 anos 

20 2010001] < 80.007 2 33 140.0387 — 
wy el HORDOE TT LICE r - £000 
2 10001 0 81.0075 1. 0003 141.0395 | 1.0009 

8 
22] 22-0001 2.0078 I 42.04.04 
| 1,0001 I .0002 I 0008 
123] 23-0002] © 83.0080 x 0003 | 143-9412 | 1.0009 

24] 24.0002 ee” 84.0083] 1 00 22 144.0421 1.0009 
25] 25. 0002] 85.008-]J-— 2 | 145-0430 [|——= 
1 — 1.000 1.0003 ||—— —— | 1.0009 

26, 26,0002 l ane, . 86.0055 LAGS 146.0439 1.0009 
27] 27.0003] 87.0092 147.0448 
28 28 1. 0 gg 511990 740 | 1.00c9 | 

| TL”. cond .009 1.0003 1480457 , ,ow | 

r e02 1 1.0904. n 0@09 
30 20 0004) * 90.01 03 110 e ] 

M O 8 | I 1 2 


2 
— ole of. 2 
A a 
3 2 Fer . [Mer. Parts Differ. 
| Fr Parts Differ. | Mer. Parts | Diffe I = ES 
10.0004 a Wo} 1.0003 151.5486 7.0010 
Gon I.000 91,010 1.0004. | 6 1010 
226% 1.19%] 92.0010] 1e 152.0496] 1.0016 
2280 1.00007] nf 1.0003 | 153˙ 50 10015 
33-2005] 1.0000 94-0117 | 004 154-0516] 0010 
349 05 1.0001 95.0121 — 155 0526 1.03101 — 
35,0006, * | 1.0004 156.0536] 

""I& 000k I, 96.0125 1.0004 ora 1. 010 
F 1.0001] 98.0133 1.0004 | 358-0557 1.00105 
38-000 | $.0000] 5g, 0137 | Of 159-0567] 1.0011 
90006 4 ms YO abrga 
——— — | 102.0141 I. oo 65800 19901 

5700 0 101.5745 10008 161.0589] 1 0011 
$1. 1e 102.0150 1.0004 162.069} 0011 
42,001 I ,0000 | 103.0154 1.0004 163-0611 1.0011 
2 : 1.0001 | 104.0158 1.0005 a6 ern 1.0012] 
2 == | 105.0163 1.0004 S234 toon | 

„ 1.0201 166.0169 1.0005 166.0645 1.0012 
46.0014 1.00914 107.0172 1.0005 167.0657 1.0012 6 
8 01 108 0177 1.0005 — 1.00 12 
dg: 1.0001 | 110.0138 1.5005 8 1.00 12 

51 6019 111.0193 1.0005 ee, 1. 0013 
1 oo 100 112.0198. 1. 0005 3 c 78895 
, 0021 K. 113 0293 1.0006 173.0730 1.0013 
53 0022] 000 114.0205 10009 2 1.012 
545 1. ooo 115.0214 p # # Med 7 be 1.0013 
55.0023 8 bs 1. o 50769 FE 

. 179070 1.0013 
6.0025 EY 1-0006 0782 5 
; 0026] 1200" 117,9225 | 1.0006 4.5 19 
58.002) 0001 116.0232 1.0006 17805500 1.0013 

F 1.0006 | 279-9995] 1.9914 
59. 1880 20,0264 4180.08 23 
60.0010 — : 2 
— | | 

Mu 2 
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Fran Parts. 


| 196.1063 


2 


180.08 23 
181.0836 
182.0850 
18 3,0864 
84,0878 
185.5893 
186.0907 
187.0922 
188,0937 
189,0952 
190-0968 
191,095 2 
192,0999 
193.1015 
194.1031 
195.1047 


197.1079 
198,1096 


200.1129] 


201.4146 
202.1163 
203.1181 
204.1198 
205.1216 
206.1234 
207.1252 
208.1270 
209.1288 


210.1207 


— 


1.00 13 
1.c014 
1.0014 
150014 
150015 
1.0014 
1.0015 
10015 
10015 
1.0016 


1.00 17 


1.0018 


1.0017 
1.0018 


— — 


1.0018 
10018 
10018 
1.0018 
1.00 19 


Ber 


4 


240.1 95 2 


241.1976 * 


242.2001 
243.2026 
244.2051 
245. 2076 
246.2101 


247.2127 


248.2153 
249.2179 


250.2206 


251.2232 
252.2259 
253.2286 
254-2313 
255-2341 
256-2368 
257-2396 
258˙2424 
259.2453 
260.2482 


261.251 
262.2540 
2632570 
264.2599 


266.2659 

267.2689 
268 2719 
269.2749 


Mer. Parts 


1.0026 
1.0027 
1.0027 
10027 
1.0028 


— — 


1.0027 
1.0028 
1.0028 
1.0029 
1.0029 


—— — — 


1.0029 
I,CO29 
1.0930 
1.0029 
1.030 


— — — — 


1.0030 
1. oo 30 
1.0030 
1,0030 
1.0031 


270.2780 


| 


| Mer. Parts| 


D 


| 


300. 38 15 
301.3853 
302.3891 

22 
304.3969 
305.4908 
306.4048 
307. 4088 
308 4128 

| 309.4169 
310.4210 

3114251 

312.4292 

313.4334 

314-4375 

315-4416 

316 4460 

317.4503 

318.4545 

319.4588 
320.4631 
321.4675 

322.4719 
323'4763 

324.4808 
325.4852 

326.4897 

325.4942 

328.4988 

329.5034 


—— — — 


_—— 
— — 


220 5080 


1.0040 
10045 
1. oo 
1.041 
1.0041 
1,004! 
1 (041 
1.0942 
1.0042 
1.0042 


1.0042 
1.0043 
10042 
1.0043 
1.0043 


1.0044 
1.0044 
1.044 
1.0045 
1.0044 
1.0045 
10045 
1.0046 


1.0046] 
1.0046| 


2 


„ 


| 4 


5 


-» 


! 
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I o 1523nuJN 
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4 new and correct Table of Meridional Parts. 263 
S| me ERCTE PTS £7 ORE HE 
5 | Mer- Parts Differ. | Mer. Parts Differ. Mer. Parts | Differ. ] = 
9 —— — . — 1 — — — 2 
0 276.970 1.0930 2 1.0046 _ 
bn 211.1326 me 64 271.2810 1.0031 331.5 126 1 3 
"2| 2121345] 10019 272.2841 | 01 332.5170 1.47 
32 213-1364] 10019 273-2572 | loo | 3335220 1 004702) 
4 274 385 1.0019 274-2904] £.coz2 3375257 1.0045 10 
12 22 1.6052 1 5 — 
761 2161422 5 3 276.2958 188 336.5363 e. 30 
a 2| 02% 277.3009 8032 Nen 
37 2 2 8 1. OO20 . 1.0033 337+5421 1.0049 © 
38 210.1463 1.0020 270-3033 1.0033 335-5460 1.0048 4 
39J 219148 10021 279-3960 1.5034 339.5559, 1.8019 * 
> =O Rene Doe — | T0 12 L poor — 
221 1523] 0021 281.3134 * 341.560 13 11 
222.1544] 1 0021 282.3168 1.0034 342.5655 1.0056 +- 
223-1505] 1.0021 Lee 1.0035 343.5705 145505 
22471586 1.0021 284˙3237 1.0034 344-3759} | 005 1 
225.1607 2 28543271 099 245-5805 2 — . 
226.1629 kobe 280.3305 124 346.5857 1 17 
e 1.9922 207.3341 1.0035 347-3901 1 0051 F 
228,1673| 1.0022 288.3376 1.0025 348*5955 14052 78 
229.1595 1 289.3411 1.0035 349-6010] | 0052 45 
„ r LT oral 
1 1 N 1094 e 1 1 
232.1763 10035 292.3518 1.2036 352.6167 18030 55 
233.1786 N 293-3554 1.0037 353.6220 18055 73 
234 1809] 1002327379 1.003) 3549273] 1.004,75 
2 1002 296-2008 1.5037 335 6327 - — [9 
230.1856 N 296.3665 a . 356.63 80 3 50 
237.1879 . 297.3702 1.9035 357.6434 1.0054 5 
238-190; boobs 298.3739 1.0928 358.6488 5 50 
2391927] was 299-3771] 10038 359.6543 1.0255 [9 
2401952 19923 202.2815] | 2? | 360.6598 8. 
ide — is Di 


| 


— 


. 
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266 A New and Correct Table of Meridional ban 
3 © £1 3 5 1 2 
Mer. Parts. Differ. Merid. Pic. Differ, Mer. Parts| Piffer. B 
ö — 3 — — 11 — — 5 — 8 = 
EE 1.0055 © en 451.5673 2 
3665 5 422 0562 1,0075 482, 7 1.098 
21 362.6709 [ons 423.9635 1.0076 483 . 1,0999 
e 353.6755 pr. 424.0714 I 0076 484.5969 10099 
44 364.6821 e 425-0799 19928 485.6069 100 f 
5 365 68761 2 426-c867 1.0077 486.6169 1.0100 ; 
4] 366-6924] 1005] 427094 1:2977 [4876270 01010 
7 367-6991 1 Shore 1.007d 486.6391 1.0101 | 
8] 358 7048 ao 429.1100] 1078 489.642] 101 ; 
9] 3697196 1 430.1178 LY 490 6574]. 12/09 
EE 
11 377-72 £43368 77 92.6 . 
1 — 4 ere ans: at dk 2 
e e ron 
14 747399 8 435.157 ; 495. 08 1.0104 
3 5 —— 4244677 3 2 3 Þ 
is] 376-7519] 1206 IG 81477296 10105 
18] 378-7640 gc 429.1899 1.0082 499.7509| 1.0106 
1s 37.) 010 17 a 440.1981 | 2 500 4 onde 
2c] 350 276 YT 441.2063 —.—82 $01,922 [2-010] 
210 381.7824] 29092] 22726 1.0083 oo 8551 1.0107 — 
22] 362 7886] . 006 443.221 ons | 3027029] 1.0107] 
13] 383.7949 be, 2 1.0083 504.8044 1.0108] 
24] 384-5011 1.50 445 2396 1,C084 505 8152 1.0108] 
25] 385-0074 = 446.2480 Downes 506.82 51 | £297], 
26] 386.8137] %% 447.254 e 50% 8370 3070s 
27] 387.8201 3 ve x44 1.0085 | 1 N 1.0110 
»b| 388.8254 bee 449-2734 1.0085 3 Of 1.0110 
29] 389.8 328 3 450.28 20 1 Melb 1. 0110 
zd 25.8352 64 45 1.2906] 10086 1 1.0112] 
— . 7 8 
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PREY 


— 


8 
EN 6 6 7 5 —] = 
| Mer. Parts, | | Differ. Mer. Parts | Differ. |Mer. Parts Difer. E 
5 — 5. a 
by 390.8292 pe 451-2906| 1.0086 — 1.0111 — 
> _ 452.2992108) PR We + 
29285221 473379 0087 31 3:9934 10112 
3533580 106] 454.3266 1.8985 1497750 0173033 
394.8653 b e N 1.0988 2 1.0112 + 
395-8719 —— | 452:3342 1.0088 [Iota 
560 396 8786 — 457˙3430/ 1.0088 Mn * 30 
397.8853 2 458.3519 1. 089 319-590 1 51-4867 
398.8920 he 4 459.3608 1.0090 — 1.0115 38 
399,8988 er 460.3698 1.COgO 520.9829 1.115 39 
400,9056|——=— 461 1 2.2944 10116 re 
| 401.9124 apes 462.3879 1.009x | $23-006- 1.0116 41 
402,9193| * 8 463.3969 1.0091 33440176] 17142 
403.9262 . 25 46. 400 ocg? | I25'0293Þ 1121431 
404.9331]. vo « 4554152 1.0092 526.0410 1.0117 +4 
5] 405-9491 |<== | 466-4244 715092 27577812 
769771 N= 467.4336 1.2092. $2%.0645 1.0118] 49 
407.954) e 468.4429 1. oc 93 * 10119 4 
08.9612] * 469-4522 © 0.0 011614 
40 665 1:9971 | 450.4610 11009 | $32 2601 | 1%19045 
410,9754 — 1 471-471C . 522.1121 pens af 
e , pare 18. g. ee 
412.9898] % | 473 4899 1.0993 | 432572752 
413.9970 -1.0073 4744994 I. oc 94 535 1483 1.0122 53 
16,0116] ———22 Lad Pro p63. 27ers 
| 417.0189 ca, 477-528: | 1.0297 538.1850 105 56 
8 419.0337 iy 0075 479.5477 1.0098 | 540.2096 1.0124 58 
20.0412] * 480.5575 F541 2220 59 
1 1.0075 | . enn — 2 
6 | 7 8. N 
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| 


Samuel 


a ” —— — 
a4 


OO El Tn aA Dt WW MH w 


WW WW 
n 


3 
1 Q\ 


——— — © 


Po gr 2 


3 10 11 5 
Mer. Parts. Differ. F erid. Pio. Differ. Mer. Parts Differ. 
—— — 1 — — — —— — 1 — 
542.2244 603.0696 654.0922 a 
542479 10125 604.0850 1/0154 665.1109 1 
514.2594] 125 605 1005 N, 666.1297 ro 
545 2720] "21 606.1161] 10156 667.1486 tor 
545.2846 LOIN 607˙13 17 10156 663.1675 1 
147.2975. . 608.1474] 1:2157 669.1865 ayes 
538 c Leaf] 1:0357| Gao 205 * 
349 3228 Page py ths} 5 1.0158 671 3 We 
550.3356] 1286111947 5158 672.2438 8 
1.34870 01280 ice 10180 673,2630] 1.0135 
552 361409129 612.2265 1.159 24.2823 TITTY 
$53-3744] 136 614.2425) 101 675.016 rn; 
554-3374 o 304 615.2585 N 676, 3210 e 
555-4005] 0131] 616.2746 —_ 677.3404 10193 
555.4135] 131 649.2907] 3: 5s h 0156 
557.4268 1 3069 — _679. 3795 r. 
558.4409] 132751 9.3231 gere, 685.3991 rs 
559-4532] 5132 620.3394] 10 62 | 5314188] 15% 
560.4665] 1.7330 025-3957 0x62] 324385] 10550 
561.4798] © 321] 622.3721] 1.5 67 5 2483 1095 
$52.4932]—=—+| 623.3886] 684.4785 7 
553.5066 5734 624.4051 _—_ 685.4581 1.0200 
564.7201 0135 625.4217 Mes 686.5181 1205 
565 5336 OY 626.4383 1 687.5381 1.0201 
E347 © * 36 2155 * 688.5582 1.0202 
567-5608|-232] 628.4717 755765 689.5784 ee 
568.5745 1 629.4885 ee 690.5986 1.020; 
569.5882 e 4 630.5053 1.0169 691,6189 1.0203 
570.6020 1.6139 631.5222 rs 692.6392 1.0204 
7776, 10139] 0329391} 1.07% 9935999] 1.0204 
572.6298 39] 623.5 561 69426800 
— oo 10 — 


* . * "MG MT 
£+ = . ; l 
Ls | a 
CY © IR 
7 2 2 ap ah 0 nts th at 
"4% „ WW. * _— 
= „ +. - * 
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IL 


Differ. | Mer. Parts | 
wes 


694..6800 
695-7005 
696.7211 
697.7417 
698.7624 


— 
Mer. Parts 
533-5561 |. 
634.5732 
635.5903 
536.6075 
63.6249 


. 
Mer. Parts 


$910LLTN 


—— 


I's I S2anutgy 


31 5746577 


575 6717 
575,6858 


577-6999 


578.7141 
579.7283 
580 7426 


581.7569 


5919030 


$92.9179 | 


628 6420 


639.6593 
640.6767 
641.6941 
642.7116 
643.7292 


— ——— — 


044.7458 
645-7645 
646.7822 
647,8000 
648.8175 


649.8357 
650-8537 
651-8717 
652-8898 
653-9079 


699.7832 


700 8040; 


701.8249 
702.8459 


703.8668 
704887s 


705.9090 
706.9302 
707.9515 
708.9728 


209.9942 


711.0156 
712.0371 
713.0587 
714.0803 
715 1020 


1.0182 


1.018211 
1.0183 717.1455 


1.0183 2 
10184 719.1 93 
e 1 LAHORE 
121.2334 


593.9328 
594 9478 
595.9628 
595-9779 

$37:9731] 


—— — 


5990082 


654.9261 
655-9443 


653.0178 


600.9238 
601.0389 
602.0544 
602.0096 


9 * 


661.0363 
662.0549 


663.0735 
664.0922 


1-0185 


| 


IO 


722.2555 
723-2777 
724.2999 
225.3222 


Nan 


* 
| 


£ 


— — —— 


— 
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— 


E 12 = I 3 3 14 EY = 
8 Mer. Parts. Differ. Merid. Pts. Difer, Mer. Parts Differ. Z 
1 eee wanna 6 
N 725.3222 786.7799 848.4856 o 
11 726-3446| 10224 787.8063 . 849.5 163 1 ] 
21 727-3670 1.0234 788.8327 1.0265 850.5470 1.0308 2 
3] 725-3895] 1.02280 72% 9992 | 1 0266 | 2525778 1030] 
| 4] 7294527 10 7 90.8556 1.0266 652.6087 1.0309] * 
«| 7304347 [2222] 791.9124 Nr 88 6396 I 
| 731-4574 3 [93.9391 my $36-6706 1.0311 « 
| 7] 732-4992 I 793.9658 | 1.0268 353.7547 1.0312 
d 733.5930 0220 794-9926 1.0269 83 +7 320 1.0313 
5] 7345299] 10225] 755-9195 | 1.0269 85 5421.031305 
'l 736.5718 1 1 798.0734 1.0271 2 1.0313 f 
27227775 1 25.17 | 2.0272 561.8200 1.031613 
13] 738.6180] 320 800.1277 1.0272 $61,8900 | 10316], 
14 739.5412] 8332“ 801.1549 1.0273| 862521317 5 
15} 740.6525 130233, 802.1 22 8 62.9533 103160 
15 ie 803.2096 U. 864,985 1 1,0319], 
io] 742 7112] 19334 804.2371 1.0275 966.0170 1.0319 0 
18 743.7347] 19235 805 2646 1.0276 807.0469 1.03200, 
19 7447582 N 806.2922 1.0277 868.0809 I.0321 h 
20 745-7818|_1-2236 807.3199 77 869.1130 1.0322 
* 746.8055 1.0237 808 3476 15 870 1452 1.0322 ” 
22] 747.8292 2 809.3754 1.0279 971.1774 1.0223], 
23] 748.8530] 2301] 810.4033 1.0280 872.2097 1.0324 5 
24 749.8769 1239 811.4313 1.0480 873,2421 1.0325 + 
PFF l 
26] 751.9248 K's 813.4874 1.0282| 875 397! | 10326 7 
27] 752.9488 1 814.5156 2.038 876.3397 1.032707 
28] 753-9729] 1.8247 815.5438 10183 | 877-3724] 1.0326 . 
29] 754.9971 e 816.5721 1.028 878.4052 1.0329 wo 
3c] 756 02131 42 817. 6005 879.4381 wo 
MI 2 Ol 14 


t — 
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1 1 
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12 13 3 14 
lim Parts | Differ. | Mer. Parts | Differ. Mer. Parts 
817.6005 
818.6289 
819.6574 
820.6860 
821.7147 1. 
822.7434 |[——— 
823.7722 
824.8011 
825.8301 
826.8591 
827.8882 


756.0213 
757.0456 
758.0700 
7592944 
760 1189 
7611435 
762, 1681 
763.1928 
7642176 
765.2425 
766-2674 
767.2924 
768.3175 
1 
0.367 

77135214222 
772.4184 
773-4438 
774-4992 | 
775-494] 
778.5203 
777.5459 
778,716 


379.4381 
880.4711 
881.5041 
882.5 372 
833.5704 
884.6037 

885 6370 
886.6704 
$37:7029 
888.7374 
889.77 10 

890.8047 
891.8385 
892.8724 
832.0054 893.9064 
833.0349 —.— 894.9404 


534.5644 895.9745 
1.0254 835.0940 1. 8 
836.1237 JJ — 

ö 37.1534 97 
5 838.1822 po 900.1118 
839.2131 | 97 


901.1453 | 
$40-2431| : 902. 1 809 


779.5974 


781.6491 


— — — — 


782.6751 
783.7012 
7847274 


| 785.7536 


786-7799 


12 


841-2731 
842.3032 
843.3334 
844.363) 
845.3941 
846.4245 
847.4 50 


848.4851 ; 


903.2156 
904.2503 
1 2 85 I 
906.3200 
997.3550 
908˙3901 
929-4253 


910.4606 


I3 | 14 


Na 2 


— 


2 ll.—— 
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16 x0 ˙ erier 0c un” x5 JO HON 


A 


F + 15 + : 3 10 OW © HY +" 1 
= Mer. Parts. Differ. Merid. Fis, | Differ.” Mer Parts | Differ. 
3 
Fa 910 4696 972.7260 1925-3939 | 2 
1 213-4959] 10354) 272 799% rotes (1036-3495 | 10457 
| 912 5313] 1935+] $24 8068 | 19 1037-3954 1.0452 
| 3| 913-5665] 9355] 975.8473 15485 11038-4413 18930 
146024 07% 76.8899 1.040% 39,4873 1846“ 
D380 9728286 4 3.34 046. 
4 915-6737] 10358] 9799994 14% 6 | rote 
| 517.70g5 wh 980.0103 bete 1042,6259 1.0455 
8 918.7454 1 981.0573 LATE 1943,0724 1.0465 
gf 919.7814] 35 en clark 7 FRp 1.0466 
| 9208174 | 22) 58301334 | 84111045 1 
[ix] 921.8535 191 984.1746 ne 1046 8122 1.0468 
2 922.8897 1 985.2159 1 1047 8590 1.0469 
13] 923.9260 2 986.2573 10415 1048. 9059 1.0470 
tal 924.9624 1 9872988 | 0416 [12499929 1.047 
15] 925 9985 „ 988.3 404 —— 105 00co 0471 
16] 927.0354] 252 989.3621 roars | 0320478] 190473 
17 928.0720 2 990.4238 - 1033-0743 1.0473 
18] 929-1087] 1.3600 5.4676 1.419146 1047 
11s] 930-1455 Bas 69} £92:5975 1.0420 ee 1.0475 
20 31.1824 5385 _ 993-5495 res = ond od 1.0476 
[23] 932.2193 3 994.5916 4 088.2842 1.0477 
22] 933-2563] *' 2 | 995-6338 | 1042 1058.33 18 1.0478 
23] 934 2934 15 996.6761 ate, [059.3796 1.0479 
24] 935 3306 IE 997.7185 as [060 4275 1.0480 
25] 936.3679 — 22S 998 7610 | w_— 19614755 1.0481 
26] 937-4953 1 999.8035 201 062.5235 10482 
27] 884481. 3)5/ ob B44 1.4750 7180 145 
28 939.4803 ran 1001,8888 1 0428 1064,6201 1.0484 
29] 540.5179 1.037 10C2.9316 1 0429 I055.6685 1.0485 
30 941.5555 : 77 100 3.9745 ] ([1066.7170 
IMI me 1 17 
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Sau 


SE} 
| Mer. Parts, 


9415556 
942,5934 
943.0313 
944.669: 
945-7072 


946.7453 


95578987 
99372 
952.9758 
9540145 
953-0533 
956.092: 
957-1312 
958.1703 
959.2094 
960.2486 
961.2879 
9843273 
953.3668 
954,4064 
9 65,4400 
956.4857 
967.5255 


968.5654 


969.6054 
970.6455 


971.6857 


Differ. 


1025.896564 


16 


Mer. Parts 


1903-9745 
10050175 
1006. 060 
1007. 1038 
1008-1471 
[009+1905F 


—— — —— — 


1010. 339 


1912-3210 
1013:3647 
L01 4+4055 
LOI5-4524 
10 16.4964 
1017 3405 
1018 5847 


10217178 
1022.7623 
1023. 8069 
1024.85 16 
1026.9413 
1027.9863 
1029.0314 


1019.629028 


1030.66 


103 1.1219 
103 2.1673 
1033.2128 
10342583 
1035-3039 


T's 


-. | Mer. Parts 


—— — TO—C—_— 


1066. 7170 
167 7656 
1868.8 143 
1069 863 1 
{079.9120 
1071.9610 


[1973.0101 


10740592 
1075-1984 
LO70.1577 
1977.2071 
1078. 2566 
1079. 3062 
1080. 35559 
108 1.4057 
1082 4556 


1083. 5056 


'| 1084-5557 


10856060 


1996.6564 
087.7069 — 


188.7575 
1089.8082 


1090.85 89 
109 1.9097 


[092.9606 | nts 


1094-0116 
1295-0627 
1096.1139 
1097.1652 
1098-2166 


972.7260 
| 75 


16 


17 


— 


— 
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— 18 3 19 20 1 5 
3 | Mer. Parts Differ. Mer. Parts\| Differ. | Mer. Darts Di fer. 5 
8 — — eee W l 6 2 
* 098.2166 [161.4871 Ne 1225'1390 DW +. 
118099 268! ** 1162.5448 pe. Lt 1226,2032 La 
211 109,3197] ©1225 1163.6026 1.0579 12 27.2676 106450 
(191.3714) 257 | £2164.5605 o580 | 1228-3321] 4; 
3 | 2.0518] 7g. | 195 5 35064 
441102.423: » 0519 [107 7185 1.0581 1229-2967 1.064- 4 
0377301 Sho Obs te 52 1232 4954 1.06480 
04 5271 = 1167.6346 1,058; | 223 1.5262 1.0645] © 
7[1 195.5292 — 1168.8 931 1.0584 12325911 1. 6547 
1 1.2523 ate; . 1.0585 223.6567 1.0651 6 
941 107.6838 5 24 [171-0100 1.0586 | 1234-7212 r.05;:| 9 
(1108-7392 |. 5 1172-0656] — —— | 12257865 ——ic 
IT 7887| 5251175 1278725 8 1. 00 540— 
11109 7887 0826101773 127) 1.0588 | 1235 8519 1,065 | 
1 2(11110.541 ; —_ LI 74,1851 1.0589 1237-9174 1056 ft 
(3|1111.8946 Cog | 1175-2450 1.0591 1238 9830 1.06 5 [ti 
141 112.9468 _ I176-3041 10592 1240. 0487 1.065|4 
17511113.9997— 11773633 1.6593 124.1145 e 
15 215.0527 3 117.4226 1.0594 | 1242-1804 | 10660 6 
7 1116.1058 HD I 179.4820 1.0595 1243.2464 1.06627 
i8[1117.1590 3 118 415 1596 1244-3126 1.066 fie 
19 1118.2124 —— 11816011 1.0597 | 2245-3785 | 1.086 lg 
20 119.2658 8411826605 ISeos 1246-4453 Logge 
2 ggf 29535 1183.76 8558 1247 F18 18565 
21[L12C,3193 1.0536 1.0599 
22011213729 10 184.7805 1.0650] 1248.5784 
23]1122.4266 3 1185 8455 1.06011 1249 6451 
241123.4894 ack 1186 906 1.0603 1250.7 120 
'F[1124.5343 1 1187. 9609 7 7 121.2280 | 
26 112;.5883 Ano” 1189. 0213 ** 12528461 
| 2711 126.5425 by 1199.0818 1.0607 | 1253-9133 
2011127,6967] 10 2 1191. 1424 06 1254 9806 
2911128.7511] 10244] £192.2031 t.o6og | 1256-0430 
3£11129,8056 1 1193. 15 ; I257-I156 
1M 8 5 


— — — 
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Mn 


Req 


— 


| 78 


Mer. Parts. 


129.8056 
130.8602 
[131.9149 
(132,9697 
(134,0246 
(1135-0796 
1136. 1347 
1137.1898 
[138.2450 
(139.3003 
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Y the help of the Tables of Meridional Parts, made according 
to the Rules laid down and demonſtrated in the former Section, 
it will be eaſy to give Solutions to all the Problems propoſed in Mer- 
cator's Sailing, and thence to find the true Bearing and Diſtance, 
Ditference of Latitude and Difference of Longitude, between any 
two Places propoſed. FED 
| Problem 1. 
The Latitudes of any two Places being given, tis required to 
find the Meridional Difference of Latitude between them. 


Caſe l. 


If one Place be under the Equator, and the other in North or 


South Latitude, 
Then the Meridional Parts anſwering to the Latitude propoſed, 


will be the Meridional Difference of Latitude. 
Example. 


Suppoſe two Places, one under the Equator, the other in the La- 
titude of 50 deg- oo min. North, then the Meridional Difference of 
Latitude will be found to be 3474.5. 


20 Caſe II. 


If the Places propoſed are on the ſame fide of the Equator, 
that is, both in North, or both in South Latitude, then the Diffe- 
rence of the Meridional Parts anſwering to each Latitude, will be 
the Meridional Difference of Latitude. | 


Example. 


If one Place be in the Latitude of 50 deg. oo min. North, and 
the other in the Latitude of 13 deg. 3o min. North, the Meridional 
Difference of Latitude will be found to be 26 57.9. For, 


P p From 
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From the Mcridional Parts anſwering to 50? 00' ———— 3474.5 

Take the Meridional Parts anſwering to 13* 30'- 817.6 

Remains the Meridional Difference of Latitude 2656.9 
Caſe III. 


If the places propoſed are on contrary ſides of the Equator, that is, 
if one be in North Latitude and the otuer in South Latitude. Then, 

The Sum of the Meridional Parts anſwering to each Lacirude, will 
be the Mcridional Difterence of Latitude, 


Example. 


It one Place be in the Northern Latitude of 13 deg. 30 min. the 
other in the Southern Latitude of 16 deg. o; min. then the Meridi- 
onal Difference of Latitude will be found to be 1793.5. For, 

To the Mcridional Parts anſwering to 139 300 
Add the Meridional Parts anſwering to 16 03 


—— 17.8 


The Sum will be the Meridional Difference of Latitude — 1793.5 


Problem 2. 


Given the Latitudes and Longitudes of two Places, or both Lati- 
tudes and Difference of Longitude, to find the direct Courſe and 
Diſtance between them. 3 


Example. 


Let it be required to find the direct Courſe and Diſtance, betweeu 
the Lizard in the Latitude of 50 deg. oo min. North, and Barbadoes 
in the. Latitude of 13 deg. 30 min. North, differing in Longitude 
5-2 deg. 58 min. Barbadoes lying ſo much to the Weſtward of the 
Lizard, RE 


Confer 
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Conſtruction. * 

1. Having found the Meridional Dif- 2 
ference of Latitude 2656.9, by the 2d Caſe — 
of the 1ſt Problem, ſet it oft from A to O, | 
and erect the Perpendicular DE, equal N 85 
to the Difference ot Longitude 3178 4D A. 
Miles, and draw AE. 0 
| | 55 

2. Make AB equal to 2190 Miles, E v8 


equal to the proper Diference of Lati- Diff. of Long 


tude, obtained (by Section the ff. and i 
draw BC parallel to ED, then will AC be the dire& Diſtance, and 


the Angle BAC the Courſe. 
To had which by Calculation it will be, 


As AD: DE:: Rt, Angle 4. That is, 
As the Meridional Difference of Lat. 2656.9 


2.424375 2 


— — —-— 


To the Difference of Longitude 3178 —2.5021539 
So is the Radius — — 


To the Tangent of the direct Courſe 50 06' 


— — — — 


10.077787 


— — 


Which becauſe Barbadoes is to the Southward of the Lizard, and 

the Difference of Longitude is Weſterly, is S. 30 deg. os min. W. 

or S. W. 5 deg. 06 min. Weſterly. | | 
Whence to find the dire& Diſtance it will be, 


As R: AB: : Sec, Angle A: AC. That is, 
As the Radius - > 10.0000000 
To the proper Difference of Latitude 2 190 2 3404441 
So is the Secant of the Courſe 50 deg. os min. 10 1928374 


— — 


To the direct Diſtance 3414-14 Miles 235332815 


Problem z. 


One Latitude, Courſe and Diſtance ſail'd being given, to find the 
other Latitude and Difference of Longitude. . my” 
Pp 2 Ex- 


— 10.0000000 _ 


<a> - > — — — F 
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| Example 


Suppoſe a Ship from the Lizard, in the Latitude of 50 deg. oo min 
North, ſails 150 Miles upon the direct Courſe to Barbadoes, or 8. 


| 5o deg. e6 min. W. and it be required to find the Latitude ſhe is in, 


and how much ſhe has altered her Longitude. 
2 Geometrically. 


1. By the help of the Courſe and Di- 
ſtance form the Triangle ABC, accord- 
ing to the Directions given in the 1/2 Caſe 
of Plain Sailing, then will AB be the 
proper Difference of Latitude; to find 
D which it will be, 


E S 
As the Radius —— — — 10.0000009 
To the Diſtance ſail'd 1 50— —2.1760913 

So is the Co: ſine of the Courſe 50% 06' . 9.807 1626 


—— 


19832539 | 


— — 


Hence the Ship will be found to be in the Latitude of 48 237 N. 
and conſequently the Meridional Difference of Latitude by Caſe the 
2d of the 1ſt Prob. 147.2. 

Conſtruction. Make AD equa] to 147.2, and draw DE parallel to 
BC, which will be the Difference of Longitude. Then, 

As R: AD::t, Angle A: DE. That is, 

As the Radius — | 


To the Difference of Latitude 56.2 


Io. oooOOOO 


— 


Too the Meridional Difference of Latitude 147.2 — 2. 1679078 
So is the Tangent of the Courſe 50 06 —— 10. 0777263 


To the Pifference of Longitude 176.05 ——— ——2-2456341 


Or > deg. 56 min. In this Caſe Weſterly. "age 51 
Novi if the Ship were bound to Barbadoes, and it were required to 
find upon what Courſe ſne muſt ſail and how tar, to arrive at the Port. 

Eecauſe the Differences ot Longirude are both the ſame way, take 
the Diftcrence of Longitude made, fon the Difference of Longitude 
between the Lizard and Barbadoes, and with tne Remainder and the 


two Latitudes, find the Courſe and Diſtance by the former Problem. 


Problem, 
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Problem 4. 


Given both Latitudes and Courſe, to find the Diſtance 1ail'd-and 


Difterence of Longitude. 
Example. 


Suppoſe a Ship from the Lizard, in the Latitude of 5o deg oo min. 
North, fails S. 50 deg. os min. W. until by Obſervation ſhe be found 
to be in the Latitude of 48 deg. 23 min. 8 North, and it be re- 
quired to find the Diſtance ſail'd and Difference of Longitude, 


 Geometrically. 


Having Conſtructed the Triangle ABC, 
by the help of the Courſe and proper Dif- 
ference of Latitude, according to the Di- 
rections given in the 2d Caſe of Plain 
Sailing. E & D 

Find the Meridional Difference of Latitude 147.2, by the 24 Caſe 
of the 1ſt Problem, and ſet it off from A to D, and parallel to BC 
draw DE, the Difference of Longitude, and it will be, 

As R: AD: : t, Angle A: DE. That is, 
As the Radius ee e. 8 


To the Meridional Difference of Latitude 147-2—2. 1679078 


So is the Tangent of the Courſe 50 o6' — —10 0777263 
To the Difference of Longitude 176.05 — 2456148 
The Diſtance ſail'd may be found by the 2d Caſe of Plain Sailing, 
Arte Radius | — ——— 10-0000000 
To the proper Difference of Latitude 96.2 Tet 


So is the Secant of the Courſe 50 O —— 0.928374 
To the direct Diſtance ſail'd 149.98 7 


Problem 5. 


Both Latitudes and Diſtance {ail'd being given, to find the direct 
Courſe and Difference of Longitude. 
Example 
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Example 


Suppoſe a Ship from the Lizaru, in the Latitude of 50 deg. oo min. 

North, fails between the Soutn and Weſt 150 Miles, and then by 

_ Obſervation is found to be in the Latitude ot 48 deg. 23 min.,s N. 

and i be required to find the direct Courſe and Difference of Lon- 
Bit Go 


— — — — — 
- 
. 


Ceometrically. 


With the Difference of Latitude 96.2, 
and Diſtar ce ſail'd 150, Conſtruct the 


B Triangle ABC, according to the Di. 
3 rections given in the 34 Caſe of Plain 
3 &———'D Sailing. | 


2. Let AD be made equal to 147.2, the Meridional Difference 
of Latitude (obtained by Caſe the 2d of Prob the 1ſt.) and draw DE 
perpendicular to AD, till it meet AC produced in E, then is DE the 
Difference of Longitude, and the Angle BAC the Angle of the Courſe. 
To find which by Calculation it will be, . 


As AC: R:: AB: cs, Angle A. That is, 


223 — ccc ——ͤ—ͤ ——- 


' 
| 
i 
| 
{ 
. 


As the Diſtance ſaild 150———————————2.1760913 
To the Radius — a 10.0000000 
So is the proper Difference of Latitude 96.2 ——— 1.983 1751 
To the Co- ſine of the Courſe 50? 662 —————9.8070838 


Or S. W. 5 deg. os min. Weſterly. wh 
* YWhence to find the Difference of Longitude it will be, 


As R: AD: t, Angle A: DE. That is, 
As the Radius — | — m—— 0.000000 


— —¾ 


To the Meridional Difference of Latitude 147.2— 21679078 
So is the Tangent of the Courſe 50? o6'+ ——10.0778546 


— —Ä 


To the Difference of Longitude 176. 1o— 22457624 


—ä 2 


Problem 
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Problem 6. 


One Latitude, Courſe, and Difference of Longitude being given 
to find the other Latitude and Diſtance ſail d. 

Example. ; ' 

Suppoſe a Ship from the Liz274, in che Latitude of 5o deg. oo min. 

North. ſails S. 50 deg. 06 min. W. until her Diticrence ot Longitude 

be 176 Miles, and it be required to find the Latitude ſhe is in, 
and her direct Diſtance ſail'd. 

Geometrically. 


1. Having form'd the Angle BAC 
equal to 50 deg. os min. Draw EP pa- 
rallel to AD, at the diſtance of 176 
Miles, equal to the Difference ot Lon- ; 
gitude, and trom the point of Interſecti- 
on E, let fall the Perpendicular ED, 1215 
then will AD be the Meridional Diffe- E — | 
rence. of Latitude; and it will be, 

Ast, ny EAD: R:: ED: AD. That is, 


F 


As the Tangent of the Courſe 50 06'— 10 0777263. 
To the Radius — ———— ne 
So is the Difference of Longitude 176———— 2.2455127 


— 


To the Meridional Difference of Latitude 147.162. 1677864 
Becauſe the Ship ſailed from a North Latitude Southerly, 
From the Merid. Parts of the Lat. ſail'd from 509 00'—==3474.5 


Take the Meridional Difference of Latitude. 147.16 


— —— 


Remains the Merid. Parts of the Lat. come into 48238 3 327.34 
——— 


Whence to find the proper Difference of Latitude, 


From the Latitude ſail'd from 50 oo N. 
Take the Latitude fail'd into — 48 2353 N. 
Remains the Difference of Latitude 1 3672 | 


Conſtr. Set off 96.2 from A to B, and draw BC parallel to DE, 


then will AC be the direct Diſtance ſail d, to find which by Calcu- 
lation it will be, | = M | 


* 


— 
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As R: AB :: Sec. Angle BAC : AC. That is, 
As the Radius — —— — —— 10.0000 


— —— 2 
——ů— 


To the proper Difference of Latitude-96.2—=——1.9831751 
So is the Secant of the Courſe 50" 6! -- 10. 1928374 


— —— — 


To the direct Diſtance 149.97 — — 2.1760125 
' Problem 7. 1 

One Latitude, Courſe, and Departure being given, to find the 
other Latitude, Diſtance ſail d, and Difference of Longitude. 

ped Example. 

If a Ship from the Lixard, in the Latitude of 50 deg. oo min. N. 
fails S. 50 deg. os min. W. until her Departure be 115.1 Miles, and 
it be required to find the Latitude ſhe is in, her direct Diſtance ſail'g, 
and how much ſhe has altered her Longitude, 

| A Geometrically, © 

With the Courſe and Departure, 

let the Triangle ABC be Conſtru&- 

ed, according to the Directions gi- 

C: — ven in Caſe the 6th of Plain Sailing 

* then will AB be the proper Difference 
E of 


2 Dv Ol Latitude, and AC the direct Diſtance. 
| Wherefore, 
As S, Angle BAC: BC: : R: AC. That is, 
As the Sine of the Courſe 509 96'— — —9.8848889 
To the Departure 115.1 — — 2. 0610753 
So is the Radius — 7 0, 0000000 
To the dire& Diſtance 150.03 * ———2.77671864 


For the Difference of Latitude it will be, 
As t, Angle A: BC: : R: AB. That is, 


As the Tangent of the Courſe 50? 06'———10,0777263 
To the Departure 115-1 — 2,0610753 
So is the Radius — — — 10.0000000 


——— 


1.983 3490 
Hence 


_— - 


To the proper Difference of Latitude 96.2 


% ͤ 0 
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Hence the Ship will be found to be in the Latitude of 48 deg. 
23 min. 1, N. and conſequently the Meridional Difference ol Lati- 


tude is 147.2. 5 . 
Conſtr. Make AD equal to the Meridional Difference of Latitude, 
and draw DE parallel ro BC; and it will be : 
As R: AD: : t, Angle A: DE. That is, 
As the Radius a — 10. ooooοο 


To the Meridional Difference of Latitude t47.2 —2. 1679078 
So is the Tangent of che Courſe 50 deg. 06 min. — 10. 0777263 


— — __— 


22456341 


— — — Oe IEIEIIE—e a 


Or, becauſe the Triangles ABC, ADE, are ſimilar, it will be 


for the Difference of Longitude, 
As AB: AD: : BC: DE. That is, 


As the proper Difference of Latitude 96.2 ——1.983 3490 


To the Difference of Longitude 176.05 — 


— — 


To the Meridional Difference of Latitude 147.2 —2. 1679078 
So is the Departure 115.1 — —— ———2,0610753 


To the Difference of Longitude 176.05— — 2.245634! 


; Problem the 8th. 
Both Latitudes and Departure being given, to find the Courſe, Di- 
ſtance, and Difference of Longitude. f 


8 Example. 
duppoſe a Ship from the Lizard, in the Latitude of 50 deg. oo min. 
North, ſails between the South and Weſt, until her Departure be 
115-1 Miles, and then by Obſervation is found to be in the Latitude 
of 48 deg 23 min. 73 North, and it be required to find her Courſe, 
Diitance ſail'd, and Difference of Longitude. 


Geometrically, 7 
1. By the help of the proper Diffe- l 
rence of Latitude 94.2, and Departure + 
115.1. Let the Triangle ABC be Con- C — 
ſtructed according to the Directions gi- a 
ven in the 4th Caſe of Plain Sailing. Py ] 


Qq 2. Make 


3 — 
Wc. ˙ 2 2 97 — ——— — < 
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2. Make AD equal to the Meridional Difference of Latitude 145. 2, 
(obtained by the 2d Caſe of Problem the 1ſt) and draw DE parallel 
to BC, and it will be, 
As AB: BC:: AD: DE. That is, 
As the proper Difference of Latitude 96.2— — 19833490 


To the Meridional Difference of Latitude 147.2—2:1679678 
So is the Departure 1;5.1 — - 2. o6 10753 


- 


To the Difference of Longitude 176.05 ——2-2456 341 
Or having ſonnd the Courſe and D. ſlance by Caſe the ath of Plain 
Sailing, tlie Difierence of Longitide may be found by the Second 
Problem. 
Proben the gth. 


One Latitude, Diſtance ſail's, and Departure being given, to find 
the other Latitude, Courſe, and Difference of Longitude. 


Example. 
Suppoſe a Ship from the Liard in the Latitude of 50 deg; oo min, 
North, ſails between the South and Weſt 150 Miles, and then is 
found to have departed from her firſt Meridian 115.1 Miles, and it 


be required to find the Latitude ſhe is in, her direct Courſe and 
Difference of Longitude, | 


* 5 
9 1. With the Diſtance ſail'd and 
| | Departure form the Triangle ABC 


| bh by the 5th Caſe of Plain Sailing; then 
"53 1 for the Courſe it will be, 


— 
* As AC: CB: : R: S. CA. That is, 
Fe D | | | 


E 2 — 
As the Diſtance ſail'd x50 —— — 2. 1760913 
To the Departure 1 15. 1——= — _—— 061075; 
So is the Radius — - 10.0000000 
To the Sine of the Courſe 50 deg. 07 min.— 9.8849840 


Which is S. 50? 07' W. or S. W. 5 c7 Weſtward. 3 
. : 4 Whence 
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Whence t Grd the Difference of Latitude it will be, 
R: AC: : cs, Angle 4 : AB. That is, 


As the Radius — —19.0000000 
To the Diſtance {ail'd 150 — — — > 3 
So is the Co- ſine of the Courſe 50 deg. 07 min. 9 8070114 
To the proper Difference of Latitude 96. 18. 1.9831027 


Hence the Ship will be found to be in the Latitude of 48 deg. 
23 mip. 18 North; and conſequently the Meridional Difference of 
Latitude will be 147.2 Miles. | 725 

Conſtr. Set off 147.2, from A to D, and draw DE parallel to BC; 
whence to find the Difference of Longitude it will be, | 

| As R: AD: : t, Augle A: DE. That is, 
As the Radius — — ———10.0000000 


To the Meridional Difference of Latitude 147-2—2.1679078 
So is the Tangent of the Courſe 50 deg. 07 min. —-10.0779830 


— 


To the Difference of Longitude 176.15 — 22458908 


Or, the proper Difference of Latitude might have been found by 
the 7th Caſe of Plain Triangles, without finding the Courſe; and 
thence the Difference of Longitude as in the preceding Problem. 


A Traverſe. 


Suppoſe a Ship at the Lizard in the Latitude of 30 deg. oo mim 
North, is bound to the Madera, in the Latitude of 32 deg. 20 min- 
North, the Difference of Longitude between them being 11 deg. 
40 min. the Veſt end of the Madera lying ſo much to the Weſtward 
of the Lizard, and therefore the direct Courſe (by Prob. the 18.) is 
S. 26 deg. 15 min. W. Diſtance 1181.9 Miles; but by reaſon ot con- 
trary Winds, ſhe is forced to ſail away (allowance being made for 
Leeway and Variation) W.S.W. 26 Miles, then S.E. by E. 30 Miles, 
then S. W. by W. 3 W. 36 Mites, then W. 64 Miles, then S. W. 7 W. 
15 Miles, then S. E. by S. 37 Miles: let it be required to find 
the Latitude the Ship is in, her Bearing and Diſtance from the 
Lizard, alſo her true Courſe and direct Diſtance to the Madera. 


22 "TI 


— — iy 9 em ev. us — ͥͤ — ä — — 


Take the Meridional Parts anſwering to 4950 IT =3459.07 
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Inaſmuch as the Geometrical Conſtruction of this Problem is no 
other than the Application ot the firſt Problem, to the laying down 
of the two Ports and the Repetition of the ſecond Problem, as often 
as there are Courſes I ſhall omic it; and haſtea to what is more 
uſetul, viz. the Solution ot the ſame Preblem by Calculation. And, 


For the 1/ Courſe, viz. W. S. W. 26 Miles, it will be, 
As the Radius —— — — 19,.2002009 


To the Diſtance ſail'd 26 —-— —— 4149733 


So is the Co- ſine of the Courſe 67 deg. 30 min. 9.5828397 
To the Difference of Latitude 9-95 — 25 0.9978 15 


Hence, becauſe the Courſe is Southerly, the Latitude come into 
is 49 deg. 50 min. 55; North. Wherefore, 
From the Meridional Parts of 50* o“ ——— 


3474.70 


Remains the Meridional Difference of Latitude =; 5.43 
Whence to find-the Difference of Longitude it will be, 


As the Radius ————— — —10.0000000 
— O©_e_wowommm—m—_ nn 


To the Meridional Difference of Latitude 15-43—1.1883659 


So is the Tangent of the Courſe 67 30 — 100.3827757 
To the Difference of Longitude 37.25 — 1.711416 


For the 2d. Courſe, S. E. by E. Diſtance 20 Miles. 


As the Radius — Io. ooooooo 
. To the Diſtance ſail'd 30 —— iz; 
So is the Co- ſine of the Courſe 56 deg. 15 min. 97447390 

To the Difference of Latitude 16.67 — —1.2218603 


Hence again, becauſe the Courſe is Sontherly. the Latitude come 
into is 49 33 555 North. Wherefore 
into 18 49 33 78 WN 2 ANY 


; 
; 
1 
N 
op 
4 
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From the Meridional Parts anſwering to 49" 90. —— 3459.07 
Take the Meridional Parts anſwering to 49 33 88, 2433.27 


25.80 


Remains the Meridional Difference of Latitude 


Wuence to find the Difference of Longitude, it will be, 
As the Radius — — Ic . ooooooo 


— —— 


, 


— — 


To the Meridional Difference of Latitude 25.80 — 14116197 
So is the Tangent of the Courſe 56? 15 —— 10-1751074 


— —ů — 


To the Diſſerence of Longitude 38-61 ———— 1.867271 


And proceeding after the ſame manner, the Difference of Lati- 
tude and: Difference of Longitude may be found to every Courſe and 
Diſtance given; as in the following Table. | 


The Traverſe Table. 
Biff of Lat. Diff. of Long. 


— —— — 


N. | Ss. | E. | W. 


| 


Courſes. Pts. Diſt. 


' —  — — — — —— 


995 — | 37.25 


VW. S. W. 6 | 26 — 
8. E. by E. 5 | 30 — | 16.67] 38.61 — 
S. W. by W.;: W. [53 | 36 | — | 1697] — 4875 
Welt. 864 — | — — | 98.09! 
S. WI W. 4115 — |: 9.52] — | 17.75 
S. E. by S: | 3 37 | 3 30.76, 31.22 — | 


Diff. Lat, — 83-26 | 69.83 


1 } 69 83 


| | | My - Diff Long.— 13201 | 


Hence, becauſe the Difference of Latitude is Souther! y, the Ship 
will be found to be in the Latitude of 48 deg- 36 min. 5:3, N. and 
conſequently the Meridional Difference of Latitude will be 128.56. 
— to find the direct Courſe from the Lizard to the Ship, it 

5 
As 


- 
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As the Radius — — 10.0000000 


From the Difference of Longitude between the 1x” * 4d W 
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As the Meridional Diſtance of Lazivude 1 8 8 2. 108 1059 
To the Radius a —10.0000000 
So is the Difference of * — I 132. 01 ——2.1206068 


— En | 


To the Tangent of the Courſe 452 49 i— ———10.012500g 


* 


Which becauſe the Difference of Latitude is Souther! y, and Dif- 
ference of Longitude Weſterly, is S. 45 deg. 49 min. + W. or S. W. 
49 min, Weſt. Again, for the dire& Diſtance trom the Ship to the 
Lizard it will be, 


— — 


Io the proper Difference of Latitude 8 3 86 1. 9235549 
So is the Secant of the Courſe 45 49 — —10.1568593 


To the direct Diſtance 120.34 —2.0804142 
Again, 
From the Meridional Parts anſwering to the Latitude __ 
the Ship is in 48 deg. 36' 554 ————— = 334591 
T ake the Meridional Parts anſwering to the Latitude — 
of the Madera 329 20!üꝛ'2»— — — 2052.00 


Remains the Meridional Difference of Latitude be- Ene, 
tween the 8 and the Madera 1293-91 


Again, 


Lizard and the Madera 
Take the Difference-of Longitude berween they __ 10 
Lizard and the Ship 2 . 


— —-— H 


Remains the Difference of Longitude between ii 
the Ship and the Madera wo}, D 28' W. 


— ͤ ͤ . ——— 


Whence to find. the direa Courſe between the Ship and Madera 
it will be, 
As 
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As the Meridional Difference of Latitude 1293.91 —3. 1119040 


| To the Radius ; Io. ooocooo 
So is the Difference of Longitude 9 28'=568 M. —2.7543483 


— — 


To the Tangent of the Courſe 3 42⸗—— — 9.6424443 


Which becauſe the Ship is to the Northward of the Madera, and 
the Difference of Longitude is Weſterly, is S. 23 deg. 42 min. W. 
or S. S. W. 1 deg. 12 min. W. pals | 
Again, for the direct Diſtance between the Ship and the Madera 
it will be, 
A s the Radius — — 10-0000000 


— 


To the proper Difference of Latitude 976. 14 


29895121 
So is the Secant of the Courſe 23 4 10.0382645 
To the dire& Diſtance 1066.05—————- 3.0277766 


The Differences of Latitude and Longitude in the former Traverſe 
Table may be found without Calculation, by the help of the common 
Tables of Difference of Latitude and Departure in Set. the 3d, after 
the manner following, 

Entering the Table wich the Courſe in the Head, and Diſtance 
ſail'd in the Side, find the common Difference of Latitude as in Plain 
Sailing; this applied to the Latitude ſail'd from according as the 
Caſe requires, will give the Latitude the Ship is in. 

2. With the two Latitudes entering the Table of Meridional Parts, 
find the Meridional Parts an{wering to each Latitude, and thence 
the Meridional Difference of Latitude. 

3. Entering again the Traverſe Table, with the Courſe. and Meri- 
dional Difterence of Latitude, find the Courſe in the Head as before ; 
and the Meridional Difference of Latitude under the Column of La- 
vitude, and right againſt itunder the Column of Departure, you will 
have the Difference of Longitude required. | 


Example. vp 
Let it be required to find the Difference of Longitude and Diffe- 
rence of Latitude, correſponding to the firſt Courſe in the former 


Traverſe or W. S. W. Diſtance 26 Miles. In 
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In the Column of fix Points, and right againſt 26 in the Cotymp 
of Diſtances, I find 9.95 in the Column of Latitude tor the Difference 
of Laticude ; this becanſe the Latitude ſaid from is Northerly, and 
the Courſe Souther!y, ſubtracted from the Latitude ſail'd from 50 deg, 
oo min. Norta, leaves the Latitude come into 49 deg. 50' 18. N. 

The Mcrid:onal Paris anſwering to 50 deg. co min. is 3474.5, 
and to 49 deg. 50 min. 45 1s 3459.07, whence the Meridional Dit- 
f-renc2 of Latitude will be found by Subſtraction to be 15.43. 

Again, in the Column an{wering to the ſixth Rumb, right againſt 
15.31 in the Column ot Latitudes, the next leſs to the Meridional 
Difference of Latitude, I find in the Column of Departure 36.95 ; alſo 
againſt 15. 6 in the Column of Latitude, the next greater to the Me- 
ridional Difference of Latitude, I find in the ſame Column ot De- 
parture 15.69 ; then I ſay, as 38, the difference between the Tabular 
Differences of Latitude, is to .92, the ditterence between the Tabular 
Departures, ſo is 12, the Exceſs of the Meridional Difference of 
Laticude, above the next leſs Tabular Difference of Latitude, to 29; 
which therefore added to 36.95, the Departure anſwering to 15.31, 
the next leſs Tabular Difference of Latitude will give 37. 24, the 
Difference of Longitude required; and ſo for avy other. 


l ofocvrer thoroughly conſiders the Nature of Departure and 
Diqcrerce of Longitude, will readily grant, that the Method made 
Uſe ot by our moſt Expert Navigators, and generally taught in 
Books, for finding the Difference ot Longitude by increafing the Ab- 
ſolute Departure made in one Day's Runnings, in Proportipn as the 
Meridional Difference of Latitude, is to the proper or common 
Difterence of Latitude, cannot be ſtrictly true. 

For, tho to the ſame Courſe and Diſtance, there will always be 
the ſame Departure and proper Difference of Latitude, and to the 
_ fame Latitude, proper Difference of Latitude and Departure, there 
will always be the ſame Difference of Longitude : Yet, when ſere- 
ral Departures come to be Compounded in one, as is the Caſe of 
al moſt every Day's Work, the thing is quite altered, as an eaſy In- 
ſtance will ſnew. | 

Suppoſe, for Example. A Ship in the Latitude of 60 deg. North, 
fails 100 Leagues due Eaſt, and after that N. E. till ſhe be got into 
the Latitude of 70 deg. in this Caſe ſne will have made but 300 
Leagues of Departure, and 2038.6 Miles, or 33.58 75 of Difference 


of Longitude. 
* | Let 
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Let us now ſuppoſe the ſame Ship to ſail 100 Leagues due Welt, 
in the Parallel of 70 Degrees, then S. W. till ſhe be got into the 
Latitude of 60 Degrees, tis plain that in this Caſe ſhe has made but 
300 L:agues of Departure as before; but 2315.8 Miles, or 38 deg. 
35 min. 75 of Difference of Longitude greater in Proportion, than 
the former Difference otzLongitude ; as the Co-fine of 60 Degrees is 
to the Co- ſine of 70 Degrees, notwithſtanding the Meridiona! and 
proper Differences of Latitude in both Caſes are the ſame. 

I have choſen this eaſy Inſtance, becauſe every one that is but 
moderately Skil'd may underſtand it, but the ſame Abſurdity will 
follow in Compounding of any other Courſes together, as the Sa- 
gacious Reader will readily apprehend. ; 

And for want of knowing this, ſome People have tound fault with 
Mercator's Sailinz, and condemned the 'Tables of Meridional Parts, 
when in Reality the Miſtake has proceeded from their own Igno- 
rance. | 

In this Example here given, the Places have been taken pretty 
far from the Equator, and the Diſtances Run conſiderably great, 
that ſo the Error might be the more Obvious, but in ſmall Runnings 
it is very diſcoverable, as the Solution of the former Traverſe, by 
that Method will plainly ſhew. 

The Abſolute Departure in the laſt Traverſe is 85.86 Miles, the 


Latitude fail'd from 50 deg. oo min. North, the Latitude fail'd _ 


into 48 deg. 36 min. 534 North, and conſequently the Meridional 
Difference of Latitude 128.56 Miles. Wherefore, 
As the proper Difference of Latitude 83.86—— 1.9235549 


— — — — — 


To the Meridional Difference of Latitude 128.56 2.108 1059 
So is the Abſolute Departure 85. 86 1. 9337909 


To the Difference of Longitude 13 132ͤ 2.1183419 


Differing from the true Difference of Longitude 552 of a Mile; 
which tho but a ſmall Error, yer in ſeveral Days Runnings, eſpeci- 
ally if the Places are far to the Northward, or Southward, it will 
amount to a conſiderable Error. | 

However, as a true Anſwer ought to be preter'd before a falſe one, 
and an exact Solution before an Approximation (tho' the Difference be 
never ſo ſmall) it were to be wiſhed, that all our Ingenious Mariners 

Rr would 


* 
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nid lay a ſide their Tentative Methods, and make Uſe of the 


only true Way taught in the former Traverſe, viz. by finding the 
true Difference of Longitude to every particular Courſe and Diſtance, 


ſince he will be always ſure of having his Deductions true: And what 


is a farther Encouragement, the difference of Time requiſite ſor 
caſting up an Ordinary Days Work, after the manner taught in the 
300th Page, by the help of the Tables of Difference of Latitude 
and Departure, and the Common Way does not amount to a quar- 
ter ot an Hour. | 


Thus have I Endeavoured to render the true Sailing, in a manner, 
as eaſy as the Plain Sailing; and ſhall therefore conclude this Section 
with propoſing of one Problem, (which may be Worked as a Traverſe 
of four Courſes, after the manner of the Traverſe Current, in Section 
the 6th) and leave the actual Solution of it, as an Exerciſe for the 
young Beginner, 


A Ship from the Madera, in the Latitude ot 3 2 deg. 20 min. North, 
Longitude from the Lizard 11 deg. 40 min. Weſt, fails W. S. W. 
11 2 Hours, at the Rate of 5 4 Miles an Hour, then S. E. by S, 7: 
Hours, at the Rate of 6 Miles an Hour, then S. W. 5 W. 8 Hours, 
at the Rate of 6: Miles an Hour, and a Current is found to ſet 
during the whole time N. W. by W. at the Rate of 14 Mile an 
Hour ; I demand the Latitude the Ship is in, and Longitude from 
the Lizard, as allo her true Bearing and Diſtance from the Madera. 


Anſwer. 


rod | 0 


5 N. 
3 W. 


The Latitude the Ship is in, is 147 
Her Longitude from the Lizard is ———— 13: 54; 
Her Bearing from the Madera is ——— 8. 60: 14 W 
And her direct Diſtance from the Madera is — 13 2.74 Miles. 


N. B. The Meridional Parts made Uſe of in theſe Calculations, are 


talen out of the Old Tables, the New Tables being not fiſhed when theſe 


Sheets went to Preſs, 


Sec, 
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Section XII. 


Containing the Solution of the ſeveral Problems in Mercator's 
Sailing, by the help of the Logarithmic Tangents ad. 


Prob. I. 


E T it be required to find the Meridional Difference of > 


titude between any two Places, | | : 
It has been Demonſtrated in Sect. the roth that the Difference of 


the Logarithmic Tangents or Co-tangents, of halt the Complements 
of the Latitudes of any two Places on the ſame Side of the Equator, 
divided by 12633, Cc. will give the Meridional Difference of La- 
titude between them. Wherefore, in 


Caſe I. 


If one Place be under the Equator, and the other in the Latitude 
of 50 deg. oo min. North, and it be required to find the Meridional 
Difference of Latitude between them. 


From the Logarithmic Tangent of 45 deg. oo min. ——10.0000000 
Take the Logarithmic Tangent of 20 deg. o min. —9. 56 10659 
4389341 

Or, — 


From the Logarithmic Co- tangent of 20 deg. oo min. 10.4389 341 
Take the Logarithmic Co- tangent of 45 deg. oo min. —10.00c0 00 


And divide the Remainder by 12633, Cr. 


And the Quotient 3474.48, or 5, will give the Meridional 
Difference EE 11 e : e 
Caſe II. 


; If the Places propoſed are on the ſame Side of the Equator, that 
is, if one be in the Latitude of 50* oo North, and the other in the 


Latitude of 13* 30 N. Then, 
Rr 2 | From 


—— — 


— 44! 


— — 
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From the Logarithmic Tangent of 38* 15' ———9.8967716 
Take the Logarithmic Tangent of 209 0 =———g,;; 10659 
From the Logarithmic Co-tangent of 20* 0 10.43 89341 
Take the Logarithmic Co- tangent of 38 15 — 10. 1032884 

- : ; ——— 
And divide the Remainder by 1263, Cc. ——-3356457 


And the Quotient 2656.9, is the Meridional Difference of Ls. 


titude. 6 | 
Again, becauſe the Sum of the Differences of the Tangent of 45% 


oo', and the Tangents or Co-tangents of half the Complement; ot 
the Latitudes of two Places, on contrary Sides of the Equator 
divided by 12633, Cc. will give their Meridional Difference of La. 
titude. Therefore, in 


Caſe III. 


If one Place be in the Latitude of 13 deg- 30 min. North, and 
the other in the Latitude of 16 deg ; 03 min. South. 85 
To the Logarithmic Tangent of 5 1 deg. 45 min. 10.1032884 
Add the Logarithmic Tangent of 53 deg. 01 min, 2: —10.1232799 


— w— 1. 


From the Sum — — 20. 2265683 
Take twice the Radius: ——— — ee 
And there remains — — — 2265683 

Or, . 


To the Logarithmic Tangent of 38 deg. 15 min. 8867 116 
Add the Logarithmic Tangent of 36 deg. 58 min. 2 9.8767200 


The Sum 


Taken from twice the Radius. —<-20.0000000 
Leaves as before ———————0.2265684 


PI »» ww ——. 
— 


l 


LL ˙ EC” 


Which 
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Which Remainder divided by 1263, Cc. will give 1793.5, the 
Meridional Difterence of Latitude, between the two Places, the 


ſame as was deduced in the former Section from the Meridional Parts. 
| Again, in . - 


Prob. II. 


Where the Latitude the Ship was in was 50 deg · oo min. North, 
the Latitude ſhe was bound to 13 deg. 30 min. North, and the 
Difference of Longitude '52 deg. 58 min. equal to 3178 Miles; to 
find the Courſe and Diſtance. 1 
From the Logarithmic Tangent of 38 deg. 15 min, —9.8967116 
Take the Logarithmic Tangent of 20 deg. oo min.——9 560659 


3356457 


1 Or, — 
From the Logarithmic Co- tangent of 20 deg. oo min.— 10. 4389341 
Take the Logarithmic Co- tangent of 38 deg. 15 min. 10. 103 2884 


And it will be, : 3356457 
As the Remainder 3356.47 kꝛ 2.52588 10 


To the Tangent of the Log. Rumb 51 3 g' 9 —10.1015093 
So 1s the Difference of Longitude 3178 — 3.021539 


To the Tangent of the Courſe 50? 06' 


Or, S. W. og deg. os min. Weſterly as before: Whence it will be 
eaſy to find the Diſtance. | 


10.0777822 


Again, in 
Prob. III. 


Where the Latitude departed from was 5o deg. oo min, Nortli, 
the direct Courſe S. 50 deg. os min. W. and the Diſiance 150 Miles; 
to find the other Latitude and Difference of Longitude. 
After having, found by the former Methods, the Latitude the 
hip is in, viz. 48* 23' 5% North. | 
From 
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From the Logarithmic Tangent of 20˙ 48';4———g,5 796667 
Take the Logarithmic Tangent of 207 oo“ 9.56 10659 

; 5 g r 

| I 86008 

Or, — 


From the Logarithmic Co- tangent of 20? o 10. 4389341 
Take the Logarithmic Co- tangent of 209 48 —— 10.4203 333 


S 
1 


186008 


p EE 


10. 


And it will be, for the Difference of Longitude, 
As the Tangent of the Log. Rumb 51* 38' g'' — 10. 101503 


— k — 


To the Tangent of the Courſe 50? 06'— 10.078. 
So is the Log. of the Remainder 186.008 — 2 26953 16 
To the Difference of Longitude 176.099 £2205 7486 
| * e 
Again, in 
Prob. IV. 


Where the Latitude ſail'd from was 50 deg. oo min. North, the 
Latitude ſail'd into 48 deg. 23 min. 25 North, and the direct Courſe 
S. 50 deg. os min. Welt; to find the Alteration of Longitude. 


From the Logarithmic Tangent of 20 deg. 48 min. —=9.5796667 
Take the Logarithmic Tangent of 20 deg- co min.———9.5610659 


186008 
7 4 
From the Log. Co- tangent of 20 deg. oo min —— 10. 4389341 


Take the Log. Co- tangent of 20 deg. 48 min. 181.4203333 


— . — 


186008 


And 
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And it will be, for the Difference of Longitude, 


As the Tangent of the Log. Rumb 5 1* 38' og” 10.1015093 
To the Tangent of the Courſe 50 o. —10.0777263 
So is the Remainder 186.008 — — 2.26953 16 
To the Difference of Longitude 176.09 — 2.245 7486 
Or 2 deg. 56 min. , the ſame with the former Solution. 
| | Likewiſe in | 
Prob. V. 


Where the Latitude departed from was 50 deg. oo min. North, 
the Diſtance Run 150 Miles between the South and the Welt, and 
the Latitude ſail'd into 48 deg. 23 min. 28, to find the Alteration 
of Longitude. F | 

Having found the Courle, by the help of the Diſtance ſail'd and 
proper Difference of Latitude, after the manner taught in the third 
Caſe of Plain Sailing. . 

Then, a be 

From the Logarithmic Tangent of 20* 48' +5;— —9.5796667 
Take the Logarithmic Tangent of 20? O —9.5610659 


186008 


—ůͤ̃ (— — — 


ä Wl Or, | 
From the Logarithmic Tangent of 70" o ———— —10.4389341 
Take the Logarithmic Tangent of 69 11',} —————10.4203333 


186008 


And it will be for the Difference of Longitude, 
As the Tangent of the Log. Rumb 51 38' 9g” ——10.1015093 


To the Tangent of the Courſe 50 C ————<10.0777263 
So is the Remainder 186.008 —— —.2695316 


To the Difference of Longitude 176.09 ——2.2457486 


Or, 2 deg. 56 min. 43; nearly, agreeing with that found by Me- 
ridional Parts. | Again, 
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Again, in 
Where the Difference of Longitude was given 2 deg. 56 min. or 


176 Miles, the Latitude departed from 50 deg. oo min. North, and 
the Courſe ſteer'd S. 50 deg o6 min. Weſterly, to find the Latituce 
a | 


the Ship is in, and her Diſtance ſail'd, 
: It will be, 
As the Tangent ot the Courſe 50" 06'———--——10.077726; 


— 


To the Tangent of the Log. Rumb 5 1* 38 09" to. 10 15093 
So is the Difference of Longitude 176 Min. ——— 2.2455 127 


To the Number 185.97 äÆð; 2.269295) 
Which Number — S — 0; 
Added to the Logarithmic Tangent of 20” oo'- -9.5610659 
Gives a Tangent xo — — — — — 9.5 796560 


2 


Correſponding to 20 deg. 48 min. 5. Or, 
From the Log. Tangent of 70 oO - ——441 
Take the Number before found —0 


— — — — 


Rem. the Co- tang. of the ſame Number 20˙ 48';5;—10.4203434 


Which therefore doubled and ſubſtracted from 90 deg. oo min. 
leaves rhe Latitude the Ship is in 48 deg. 23 min.; $2 as before found; 
which being obtained, the Diſtance is eaſily had. 


Again, in 
Prob. VII. 


Where the Latitude ſail'd from was 530 deg. oo min. North, the 
Courſe S. 50 deg. os min. W. and Departure 115. 1 Miles, to find 
the Diſtance [ail'd, Latitude the Ship is in, and Difference of Lon- 

itude. | ; | 
N Having by the help of the Courſe and Departure, found the La- 
titude the Ship is in, according to the Rules in the 62h Caſe of Plain 
Sailing. F 

From 
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From the Log. of the Tangent of half the Compl. C 
15 the Latitude the Ship ſaiF'd into 20? 48 55 ? 9.5796667 


ke the Log. of the Tangent of half the Compl. y __ ; 
*Y the Latitude the Ship ſail'd from 20% 00' * 9.5610659 


186008 
5 
From the Logarithmic Tangent of 70˙ oo . — 10.43 89341 
Take the Logarithmic Tangent of 20" 48 — 110.4203336 
| | 0186008 
| And ſay, - ; 

As the Tangent of 51* 38' 0g''—— 10. 1015093 
To the Tangent of the Courſe 50 06'=———19.0777263 

So is the Log. of the Remainder 186.008 EX —2. 26953 16 

| To the Difference of Longitude 176.09 ————2.2457486 
Whence the Diſtance fail'd is eaſily had. 7 

Again, in 


Prob. VIII. 


Where the Latitude ſail'd from was 50 deg. oo min. North, the 
Departure 115.1 Miles, the Latitud&fail'd into 48 deg; 23 min. . 
North, to find the Difference of Longitude. 

1. Find the Courſe according to the Directions given in the 4th Caſe 
of Plain Sailing. Then, 


From the Logarithmic Tangent of 20 deg. 48' 'E 9.5796667 
Taxe the Logarithmic Tangent of 20* oo' — ——9.5610659 
| 186008 
* Ae 
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8 25 815 
From the Logarithmic Tangent of 70" o . — 10.4389341 ; 
Take the Logarithmic Tangent of 69 11';2——=———10.4203333 P 
: N | | —. Pg 55 
18608 ll 
. And ſay, ; 46S By 
As the Tangent of r: 58' og'=——————-——10.101509; 
F 3 
To the Tangent of the Courſe 50* 06' ——— 10.0777263 f 
» SO is the Log. of the Remainder 186.008-———-—2,2695 3 16 g 


— —— 


2. 2457486 


* 
—— ER 


To the Difference of Longitude 176.09 — 


enn 


L.,azſtly, in 
Prob. IX. 


Where the Latitude ſail'd from was 50 deg. oo min. North, the 
Diſtance Run 150 Miles, between the South and Weſt, and the 
Departure 115.1, to find the Difterence of Longitude. 

1. Having found the Courſe 50 deg. o/ min. and Latitude the Ship 
ſail'd into 48 deg. 23 min. 28, according to the 5th Caſe of Plain 


r 


Sailing. 

From the Logarithmic Tangent of 20 48“ ;5 —9.5 796667 
Take the Logarithmic Tangent of 20* 00' —— 9.5610659 
.0186008 

From the Eogarithmic Tangent of 70” o — 1044389341 
Take the Logarithmic Tangent of 69 11' 55 ——— 110.4203333 
| Nh | . 0186008 

As the Tangent of 51* 38' 09 — — 101015093 
To the Tangent of 50 7“ — - — 10,0779830 

So is the Log. of the Remainder 186.003—————2,26953 16 
To the Difference of Longitude 176 2.2460053 


— —— — — 


To 


- . ' S , 
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To give the Learner all the helps neceſſary, to a right Under- 
ſtanding of this moſt uſeful Part of Sailing, I ſhall endeavour (before 
I conclude this Part) to ſet his Notions right, concerning Diffe- 
rence of Longitude, Meridian Diſtance, and Departure; and let 
him ſee, that tho theſe are Synonymous Terms in Plain Sailing, 
conſtantly ſignifying the ſame thing, and in every Queſtion are re- 
preſented by the fame Right Line, yer, in the True Sailing they are 
eſſentially different one from another; and in the ſame Problem, 
are, as they really ſnould be, repreſented, or expreſſed by different 
Lines, and ate of different Values; a thing that now and then is 
apt to puzzle and confound young Beginners, and Perſons who ate 
not {o well Grounded in the firſt Principles of this Science, as they 
. WP | 
By Difterence of Longitude, is meant the Arch of the Equator 
contained, or intercepted, between the Meridians paſſing thro? any 
two Places ; thus the Length of the Arch of the Equator con- 
tained, or intercepted between the Meridians paſſing thro? the 
Lizard and Barbadoes, being found by Obſervation, to contain 3178 
Nautical Miles, or 52 deg. 58 min: the Difference of Longitude be- 
tween the Lizard and Barbadces is ſaid to be 52 deg. 58 min. and all 
Places that lie under the Meridian of the Lizard, are ſaid to differ 
in Longitude from Barbadoes, or any other Place under the Meridian 
of Barbadoes 5 2 deg. 58 min. ; 
By Meridian Diſtance, (in the Nautical Senſe) is meant the Di- 
ſtance of one Place from the Meridian of another, meaſured in the. 
Arch of the Parallel of Latitude paſſing thro' them, and intercepted 
between them, ſo that, ſuppoſing the Difference of Longitude, or 
Arch of the Equator contained, or intercepted, between the Meridian 
of the Lizard and the Meridian of Barbadoes, to be 52 deg. 58 min. 
or 3178 Nautical Miles, and that the Lizard lies in the 50th De- 
gree of Latitude; the Meridian Diſtance, or Length of the Arch 
of the Parallel of Latitude, paſſing thro? the Liard, and intercepted 
between it and the Meridian of Barbadves, will be found by the 1/2 
Caſe of Parallel Sailing, to be 2042.8 Nautical Miles; and a Ship in 
Sailing from Barbadoes, or any other Point under the Meridian of 
Barbadoes, till ſhe arrive at the Lizard, is ſaid to have made 2042.8 
Miles of Meridian Diſtance. | 
Again, Suppoſing Barbadoes to lie in the 13th + Degree of Lati- 
tude from the Equator, the 35 of the Arch of the Parallel of 
8 2 Lati- 
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Latitude paſſing thro* Barbadoes, and intercepted between Barkaces 
and the Meridian of the Lizard, will be found by the former Me- 
thod of Calculation, to be 3090. 1 Miles; ſo that a Ship in ailing 
from the Lizard, or from any other Place under the Meridian of the 
Lizard, till ſhe arrive at Barbadoes, is ſaid to have made 3090.1 
Miles of Meridian Diſtance, each of which Meridian Diſtances 
is leſs than the true Difference of Longitude, or Arch of the Equa- 
tor, intercepted between the Meridians paſſing thro' the Lizurd and 
Barhadces, and are to each other, as the Sines of the Diſtances of 
the Places from the Pole, or Co- ſine of their Latitudes, or Diſtances 
from the Equator, (the Difference of Longitude being equal to the 
Sine of 9o Degrees) and may therefore be all expreſled by different 
_ Right: Lines, and are of diferent Values, as the Reader will 
readily. perceive, if he Conſtructs theſe two Cales in the ſame Fi- 
gure, according to the Directions given in the fiat Caſe of Paralel 
Sailing. | 
By the Departure, .is meant. the diitance between the-Meridians, 

aſſing thro' two Places upon the Plain Chart, which ſuppoſes 
the Earth's Superficies to be a Plain Superficies, the Meridians 
Parallel to each other; and the Degrees of Latitude every where 
equal to each other, and equal to the Degrees of Longitude, and is 
therefore the ſame with the Difference of Longitude,;4o that, ſtrici- 
ly Speaking, the Departure is the Difference of Longitude between 
two Places, upon the Principles of Plain Sailing : And between the 
Lix ard. and Barbadoes will be found to be 2119.2 Miles, lels than 
the true Meridian Diſtance between Barbadoes and the Lizard, by 
470.9 Miles, and greater than the true Meridian Diſtance. between 
the Lizard and Barbadoes by 576.4 Miles; and ſhort of the true Dit- 
terence of Longirude between the Lizard and Barbadoes by 578.8 
Miles. | =I 
And hence ariſes the Error of Plain Sailing, and to remedy this 
very Thing was the Mercators Sailing Invented, which it does to 
the utmoſt Degree of Exactneſs, as every one muſt allow, that 
rightly underſtands what has been ſaid upon this Head, 

And indeed, properly Speaking, Departure has nothing to do with 
Mercators Sailing, nor has it any ſhare in it, and 'tis for this Reaſon 
that I have taken no Notice of it in the firlt Six Problems of Men- 
cators Sailing, which together with the Problems of Paralel Sailing, 


are the only proper Problems of the true Sailing; but as it happens 
ä to 
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to be one conſtituent Part of a Triangle, whoſe other Parts, vi · 
Difference of Latitude, Courſe, and Diſtance, bear an Analogy with 
the Lines they repreſent upon the Globe it ſelf; it may be made Uſe 
of, as one Ingredient to make up the Data in a Problem, (tho 
it an{wer to neither Meridian Diſtance, nor Difference of Longi- 
tude) and whatſoever Concluſions are drawn from it, as to Difference 
of Latitude, Difference of Longitude, Courſe or Diſtance, ate e- 
qually true, and concluſive with any of the other Problems: 

For it has been ſhewn in Page 144, that to the ſame Courſe and 
Diſtance, there will ever be the ſame proper Difference of Latitude 
and Departure, and conſequently, to che ſame Courſe and Departure 
there will always be the ſame Diſtance and proper Difference of Lati- 
tude. But by Section the 10h, to the ſame Latitude, and proper Dit- 
ference of Latitude, there will always be the ſame Meridional Diffe- 
rence of Latitude nd by Prob. the 6th of Sect. the 11th, to the 
ſame: Courſe and Meridional Difference of Latitude, there will al- 
ways be the ſame Difference of Longitude ; whence it follows, that 
to the ſame Latitude, Courſe, and Departure, there will always be the 
ſame Diſtance, Difference of Longitude, and Meridian Diſtance ; 
and the ſame Method of Reaſoning will hold good, if the Departure 
be Compoundedwith either Diſtance ſail'd, or Difference of Latitude, 
and 'tis upon this Account, that I have ventured. according to 
Cuſtom, to add the 7th, 8th, and 9th Problems in Mercators Sailing, 
not as they are of any real Uſe in themſelves, but as they tend to 
Exerciſe the Learner, by ſhewing him all the Varieties that max 
be, and rendering the Whole more compleat. 


!(. i 
Section XIII. 


H a ſufficiently ſhewn the Defects of the Plain Chart, and 


in the former Part of the 10th Section, exhibited the Eflential 
Properties of a Projection, in which all Places whatſoever (except 
ſuch as lye under the very Pole) may be laid Cown true, according 
to their Latitude, Longitude and Bearing, I ſhall now proceed to 
ſhew how this Projection (commonly call'd the Aſerca tors Chart) may 
be Conſtructed, for any part of the Surface of the Terraqueers Globe. 


And firſt, Let it be required to make a particular Chart for a 
- Voyage 
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Voyage between the Parallels of 35 and 51 Degrees of Latitude, and 
to contain 22 Degrees of Longitude, which will ſerve very well for 
any Voyage between the Li⁊ard and the Streights Mouth. . 
Having provided a Line of Equal Parts of a convenient Length Wl 
1. Draw the Meridian AB, (ſee Plate the 3d.) and at Right. 
angles to it from the Point A, the Right-line AD, which may rc. 
preſent the Parallel of 35 Degrees of Latitude. Then, Wo 
2. From the Meridional Parts anſwering to 50 deg. —— 3568.3 6 
Take the Meridional Parts an{wering to 35 deg. ——2244; 


13245 


And ſet off the Exceſs or Difference 1324.5, from 4 to B, and 
draw BC parallel to AD, which wil! repretens the Parallel of 5: 
Degrees of Latitude in this Chart. 2 
3. Ser off the equal Miles of Longitude, 60 of which always 
make a Degree, upon the Lines AD and BC, from A to D, and 
from B to C, and draw the Meridian DC, and the Chart is bound- 
ed, then for the Diviſion of the Lines AB and DC, proceed thus; 

Take 2244.3, the Merid. Parts anſwering to 35 Degrees, the leaſt 
Degree of Latitude from 2318.0, the Meridional Parts anſwering to 
36 Degrees, the next greater Degree of Latitude, and the Diffe- 
rence or Exceſs 73.3, {et off upon the Meridian Line 4B, or DC, 
-from 35 to 36, will give the 36th Degree of Latitude. 

Again, Take 23 18.0, the Meridional Parts anſwering to 36 De- 
grees, from 2392.7, the Meridional Parts anſwering to 37 Degrees, 
and the Exceſs or Remainder 74.7, ſet off from 36 to 37, on the ſame 
Meridian Line AB or DC, will 3 the 37th Degree of Latitude. 


r, 

Take 2244.3, the Meridional Parts anſweringto 35 Degrees the 
leaſt Degree of Latitude from 2392.7 the Meridional Parts anſwer- 
ing to 37 Degrees of Latitude, and the Difference or Exceſs 148-0, 
ſer off upon the Meridian from 35 to 37, will give the 37th Degree 
of Latitude as before. . 

After the ſame manner may the whole Meridian Line AB or DC 
be divided either into Degrees or Parts of a Degree. Or, | 

Having ſer off 244.3, the Exceſs of the Meridional Parts, anſwer- 
ing to 35 Degrees above 2000 downwards, from 35 Deg. in the Me- 
ridian Line it will give a Point; from whence if 318.0 the Exce(s of 
the 
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the Mcridional Parts anſwering to 36 Degrees, above 2000 be ſet up- 
wards, it will give the 36. Degree of Latitude; and again, if 392.7, 
the Exceſs of the Meridional Parts of 37 Degrees, above 2000 

ve ſet off from the ſame Point upwards to 37, it will give the 37 
ES Degree of Latitude; and proceeding in like manner, till you come 
to the 45:5 Degree of Latitude, when the Meridional Parts exceed 
Ws 3000, ſer off atter that the ſeveral Excefles of the Meridional Parts 
anſwering to the ſeveral Degrees of Latitude above 3ooo, from the 
Point 4 (whoſe Diſtance from the 35th Degree is 755.7, the Diffe- 
rence between the Meridional Parts of 35 Degrees and 3000.0) viz. 
30 Parts from d to 45. 115.6, from d to 46. 202.8, from d to 
47 Cc. by which means you will have the whole Meridian Line 
divided without any previous Subſtraction, and with as much Eaſe 
and Expedition as it it were a Line of Equal Parts. 

After the ſame mYnner may each ſingle Degree be ſubdivided into 
as many Parts as its Breadth will admit ot, by ſeting off the Ex- 
ceſſes of the Meridional Parts anſwering to the ſeveral Parts of 
the Degrees, as you did for the whole Degrees. 

N. B. F the Chart commence from the Equator, the Meridional 
Parts anſwering to the ſeveral degrees and minntes of Latitude, ſet eff 
in the Meridian from the Equator, will divide the Meridian accordingly. 

But before the Chart can be fit for Uſe, it will be neceſſary to draw 
the Rumb Lines in ſome part of it; I have choſe for conveniency ſake, 
to place them in each Corner, as you may fee in the Chart, and for 
the more ready pricking down of Places, and deſcribing of the ſeveral 
Runnings of a Ship, it will de convenient to draw as many Meri- 
dians and Parallels of Latitude as the Chart will admit of without 
making Confuſion, and to diſtinguiſh every 5th and 10th Line from 
the reſt, for the more ready counting of the Latitudes, Longitudes, 
and Diſtances of Places. 3 | 
After this manner, may a Chart be made to ſerve for any Voyage 
whatſoever, provided the Latitudes and Longitudesof the Places you 
are to ſail to and from be known. | 
Upon this Chart thus made, all Places may be laid down true ac- 
cording to their Latitudes and Longitudes, and- what is of the 
greateſt Benefit, and gives it the preference before all other Contri- 
vances whatſoever, for Nautical Uſes, is, that the Rumb Line, or 
the Path that a Ship deſcribes in failing according to the Dire&ion 

e of 


theſe two Projected Iſlands, when compared together, will not have 
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of the Compaſs, (the only Guide that Mariners have at preſent) is 


repreſented or laid down by a perfect ſtreight Line, whence the true 
Bearing of any two Places, or the true Courſe that a Ship muſt {aj1 


from one Port to another, may be truly and exactly determined, and 


that with the greateſt Eaſe poſſible. 
This Rectilinearity of the Rumb Line, is the chief and primary 
Property of the Mercators Projection, to which all the other Parts are 


made Subſervient; and to accompliſh this very thing, after the Invention 
of the Compaſs was the great Endeavour of our Fore- fathers, for many 


Years, and never pertected, till undertaken by Mr. Wight; which 


happy Invention of his, will make his Name famous to all Poſterity, 


And hence it is, that all Nautical Problems are reſolved by this 
Projection, to the greateſt Degree of Exactneſs that Projections are 
capable of, and infinitely more eaſy, than by the G/cbe it ſelf; where, 
becauſe the Meridians meet in a Point, the Rumb Lines (as has been 
already ſhewn) become ſpiral Lines, which render the laying down 
of Runnings (the Principal Data that Mariners have, to find the 
Place of the Ship at all times) and determining the Bearings and Di- 
kances of Places, (the next thing wanting to direct the Courſe anew) 
elpecially if the Places are pretty far from the Equator, in a manner 
Impracticable. ER 

As it is impoſſible by any Contrivance whatſoever, to repreſent 
any Part or Portion of a Spherical Surtace upon a Plane, but that 
it will be diſtorted, and. appear under a different Form from what 
it does upon the Surface of the Sphere, and conſequently different 
Projected Portions, when compared together, cannot have the ſame 
Ratio one to another as to Magnitude, that the Parts they repreſent 
have to each other upon the Globe it {elf ; yet, that Contrivance that 
repreſents them ſo, that the Dimenſions ot the projected Parts, (tho 


diſtorted) when meaſured by proper Scales) retain between themſelves 


the ſame Ratio that the Dimenſions of the Parts they repreſent upon 
the Globe have to each other, truly and eactly, will undoubtedly 
give true Solutions to all Problems that can ariſe from it; as is the 


| Caſeof all kinds of Projections of the Sphere whatſoever: 


For Example, In this Projection, tho' an Iſland in the Latitude 
of 60 Degrees when Projected, will have its Breadth from North 
ro South, repreſented in near a double Ratio of what it would be, 
if the ſame Iſland were placed under the Equator, and conſequently 


the 
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the ſame Ratio between themſelves as to Magnitude, that the Places 
they repreſent upon the Surface of the Sphere, really have. 

Vet, if the Breadth from North to South, of the diſtorted Iſland, 
in the Latitude of 60 Degrees, when compared with the Length from 
Eaſt to Weſt, each being Meaſured by proper Scales, be found to 
have the ſame Ratio, that the Breadth and Length of the Iſland it 
repreſcnts upon the Surface of the Sphere liave to each other; it ne- 
ceilarily follows, that all Concluſions drawn from this Repreſenta- 
tion are equally true and concluſive with thoſe that are deduced 
from the Globe it ſelf, that it repreſents ; or which is the ſame thing, 
and comes netter to our preſent*purpole, tho' a Degree of Longitude 
in the Latitude of 60 Degrees, be repreſented upon this Projection, 
as large again as it really is upon the Surface of the Globe; yet, inaſ- 


much as a Degrec of Latitude at that diſtance from the Equator 1s. 


increaſed in the ſame Ratio, and this Law obſerved at every Point 
of diſtance from the Equator, it follows, that the true Courſe and 
Diſtance between any two Places howſoever ſcituated, will be found 
to-be the ſame upon this Projection, as they are upon the Surface 
ol the Sphere; and conſequently all the Solutions of the ſeveral Caſes 
ariſing from changing the Things given and required, will be the 
ſame upon this Projection, as they are upon the Surface of the 
Globe it ſelf , which renders this Chart the moſt apt and proper In- 
ſtrument, and the beſt adapted to the Mariners Uſe, as any that 
can be thought of, till Mankind ſhall find out other Contrivances 
than the Compals, for guiding or directing of a Ship thro' the Wide 
and Pathleſs Ocean, | | 
And 'tis upon this Account, that I have been very Particular in its 


Con ſtuction, as I ſhall be it its ſeveral Ufes, not doubting but the 


Candid Reader will excafe this little Digreſſion, ſince it is done with 
an intent to make him a thorough Maſter of the Nature, and Deſign 
of this uſeful Projaſtion, and to explain ſome few Difficulties,” that 
young Beginners are apt to meet with at firſt, as I have often found 
by Experience. 6 WF. -* ö 

x. Let it be required to lay down a Place upon the Chart, its 
Latitude, and the Difference of Longitude between it, and ſome 
zno wn Place upon the Chart being given. - 


. =” 
Let the known Place be the Lizard, and let the Place to be laid 


down be St. Maries, one of the Weftern Nes, ſcituateſſin the 3 7th 
Degree of North Latitude, _ diftering in Longitude from the Li- 
S.. * + t ⁊ard 


— 


* 
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zard 18 deg. 56 min. or 19 deg nearly, St. Maries lying ſo much to 
the Weſtward of the Tizard. e 

Thro' the Lizard draw the Meridian ab, which I make the fir 
Meridian of the Chart, and thro' the 1yth deg. of Longitude counted 
in the graduated Parallel DA towards the Left-hand, becauſe the 
Difference of Longitude: is Weſterly, draw the Meridian 19, 19, 
where this cuts the Parallel of Latitude of 37 deg. gives the Place of 
St. Maries upon the Chart. | 

After the ſame manner may any other Place be laid down, and 
conſequently all that part of the Sea-Coaſt which is contained within 
the Limits of the Chart. | q 7 

On the contrary, by drawing a Parallel of Latitude thro' any 
Place till it cut the graduated Meridian, or. by taking the nearelt 
diſtance of rhat Place from the next Parallel of Latitude, and apply- 
ing of it to the graduated Meridian, may the Latitude of that Place 
be found. | | | 

Hence, and by the Rules delivered in the firſt Section of Naviga- 
tion, Part the Third, may the Difference of Latitude between any 

two Places before found. 

And becauſe the neareſt diſtance between two Places lying under 
the ſame Meridian, is equal to their Difference of Latitude, hence 
we are taught how to find the diſtance between two Places lying 
under the ſame Meridian in the Mercator's Projection, viz. by finding 
the Latitude of each, and if they are both North, or both South, 
by ſubſtracting the leſſer from the greater; but if one be North and 
the other South, by adding the leſſer to the greater, and convert- 
ing the Sum or Difference into Miles of Leagues. 

Again, by drawing a Meridian thro any, Place, till it eut the 
graduated Parallel, or by taking the neareſt diſtance of that Place 
from the next Meridian, and applying it to the graduated Parallel, 
may the Longitude of that Place be known; er the Difference of 
Longitude between it and any other. | 

Hence, and by the 1ſt. Caſe of Section the 8th, we are taught, how 
to. find the diſtance between any two Places, lying under the ſame 
Parallel of Latitude in the Mercator's Projection, by erecting upon 

the Segment of the Parallel connecting the two Places together as a 
| Baſe, an e Triangle with the Sine of go deg. and ſetting 
off the Sine of the Complement of the Parallel, from the Vertex 


downwards upon each of the Legs, for then. the diſtance of theſe 
2 r 
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exo Interſetidhs applyed to the graduated Parallel, will give the 


true diſtance between them. | ; : 

Suppoſe it were required to find the Miles of Diſtance between 
Cape St. Vincent and the Mand ef St. Maries, both lying in the Lati- 
tude of 37 deg. oo min. North. - ; : 

On the Bale of the Segment of the Parallel, deſcribe an Equicrural 
Triangle QRT, and make T'Q or TR the Radius of a Line of Sines, 
ſer off the Sine of the Complement of the Latitude 37 deg. Jo min. 
from T to 4A and , then the diſtance X V, applied to the gra- 
duared Meridian, will give 10 deg. 59 min. equal to 659 Miles, the 
diſtance between them. * 

Or, make © R the apparent Diſtance between the two Places, e- 
qual tothe Sine of go deg. oo min. upon the Sector, then the diſtance 
between the Co- ſines of the Latitude on the ſame Line of Sines, ap- 
plied to the graduated Parallel on the Chart, will give the true Di- 
ſtance between the Places. 

Hence we are taught, how to form a Scale for the more ready mea- 
ſuring of Diſtances, or laying down of Runnings under any Parallel. 


* 
| Example. 15 | 
Leet it be required to form a Scale of 2 Degrees, or 50 Leagues. 
Conſtruttion. l 

Becauſe the Breadth of a Degree of Longitude in any Parallel, is 
to the Breadth of a Degree of Longitude in the Equator, as the Co- 
nne of the Latitude of the Parallel, to the Radius; or as the Radius 
to the Secant of the ſame Latitude, if the Breadth ot 2 5 Degrees of 
Longitude in the Equator, be made the Radius of a Circle,the Secants 
of the ſeveral Degrees of that Circle; will be the reſpe&ive Breadths 
of 2 1 Degrees in the correſpondent Parallel of Latitude in this Pro- 
jection; wherefore, make the Breadth of 23 Degrees in the graduated 
Parallel, equal to oo Degrees upon the Seftor ; then will the di- 
ſtance between the Secants 35 and 35 on the ſame Lines, be the 
Breadth of 2 7 in the Parallel of 35 Degrees, the leaſt Latitude upon 
the Chart equal to a bh, and the diſtance between the Secants of 5 x 
and 51 Degrees, on the ſame Lines, the Breadth of 2 Degrees in 
the Parallel of 5x Degrees in the ſame Chart, equal to cd. 

Upon 46, the Breadth of 2 + Degrees, or 30 Leagues, in the 
Parallel of 35 Degrees, ere& the Perpendicular a c, of what Length 
you think convenient, and draw c d parallel to ab, and equal to the 

Tc 2 Breadth 


F 
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Breadth of 2 Degrees, in the Latitude of 51 Degrees before found, 
and joyn the Points d and b. | : 
; And becauſe the ſeveral Breadths 
4 4 2 e of a Degree of Longitude, in the 
* BY ' ſeveral Parallels decreaſe in the ſame 
30 416. 584 ot 29 Räatio as the Secants of the Latitudes 

— — of the ſeveral Parallels increaſe, make 
— — p ac equal to the difference of the Se- 
| yy cants of 35 and 51 Degrees, the ex- 


91: tream Parallels, then will the difference 
45 WA 45 berw#n the Secants of 35 and 40 ſet 
1 off from a to 40, give the Point 30; 
thro' which if the Line 40, 40, be 
— drawn parallel to ab, it will be the 
0 —— — 40 Breadrh of 23 Degrees, or 50 Leag, 

1 

- | 


in the Parallel of 40 Degrees. 


. Again, if the difference between 
35 — — 35 the Secants of 40 and 45 Degrees, ba 
1 ſer off fra 40 on the ſame Line ac, to 

| 45, or the difference of the Secants of 

35 and 45 Degrees, be ſet off from 35 to 45, and from the Point 45 
the Line 45, 45, be drawn, parallel to the former or to ab, it will be 
the Breadth of 2+ Degrees or 50 Leagues, in the Parallelof 45 De- 
grees of Latitude; and fo for any other. wit 5 5 
; If inſtead of making Uſe of the Line of Secants upou the Seclor, 
(which I take to be the moſt natural and ealy Way) you make the 
Breadth of 2 Degrees of Longitude in the Equator, or in the graduated 
Parallcl equal ro 1000, and upon the Line of Lines, or Equal Parts on 
the Sector then will be 122, Cc. of the ſame Parts the natural Secant 
of 35 Degrees, be the Breadth of 2+ Degrees in the Parallel of 35 
Degrees; alſo, 1589, Cc. the natural Secant of 51 Degrees, the 
Breadth of 2+ Degrees in the Parallel of 51 Degrees of Latitude, c. 
Again; if the Length ac of the Scale, be made equal to 368, Cc. 
the difference of the natural Secants of 35 and 51 Deg. tlie extream 
Parallels of the Chart, then will 847, Cc. the difference between 
the natural Secants of 35 and 40 Degrees, be equal to the Diſtance 
35, 40, on the Line ac of the Scale; allo, 93-5, Cc. the difference 
detween the natural Secants ot 35 and 45, will be equal to the di- 
ſtance between 35. and 45, on the ſame Line a6, and ſo for any 
other. - Afrer 


— 


_ 
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After this manner may a Kale be made to contain My Num- 
ber of Degrees, Leagues, or Miles in Length, and to fit any Chart: 

This Scale is not only uſeful in meaſuring of Diſtances, and laying 

down of Runnings under the ſame Parallel of Latitude, but is appli- 

cable in many Caſes, without ſenſible Error, to the meaſuring of the 

Diſtances of Places that differ both in Latitude and Longitude ; and 

I have often admired, conſidering the ſimplicity of its Conſtruction, 
and its general Uſe, that one of this Kind is not placed in ſome con- 
venient Part of every Sea- Chart that is Publiſh'd. ; br 

Hence if two Places lye under the ſame Parallel of Latitude, and 
the Longitude of one be known, and its diſtanc: from the other, it 
will be eaſy from the Place of one to find the Place of the other. 

2. Let it be required to lay down a Place upon the Chart, its La- 
titude and Bearing from ſome known Place in the Chart being given, 
or which is the ſame thing, having the Courſe and Difference of 
Latitude that a Ship hath made, to lay down the Running of the. 
Ship, and find her Place upongghe Chart. 


Example. 

A Ship from the Lizard, in the Latitude of 50 deg. oo min. North, 
fails S. W. by S. until ſhe be in the Lfftude of 45 deg. oo min. North, 
I demand het Place upon the Chart. 4 

Thro' the Liard dra the Line I c parallel to the N. W. by 8. Line; 
till it cur the Parallel of 45 Degrees in c, then will c be the Place of 

the Ship, and Lc the Line upon which ſhe has ſail'd. Y 

On the contrary, by laying a Ruler over any two Maces, and 
drawing a Line parallel to it thro' the Center of any Compaſs, may. 
the Bearing of any two Places be found; or the true Courſe upon 
which a Ship mult fail from one Port to ative at the other. 

3. Let it be required to lay down a Place upon dhe Chart, its 
Bearing and Diſtance from ſome known Place in thè Chart being gi- 
ven, or which is the ſame thing, having one Latitude, Courſe and 
Diſtance ſail'd, to lay down the Running of the Ship, and find he . 
Place upon the Chart. . + v3 


Example. | 

Suppoſe a Ship at S, in the Latitude of 45 deg. oo min. North 

fails S. E. by S. 4 E. 181 Leagues, or 543 Miles, and it be required 
to find the Place of the Ship upon the Chart. . 


Having 


. 
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Havingdrawn the Meridian Line $ m thro S, the Place the Ship 
deparced from, draw the Rumb Line Sy parallel to the $.E.by S. E. 
Line, and ſet off upon it 181 Leagues from & to , and draw the Pa- 
rallel fe, then apply the proper Difference ot. Latitude Se, to the gra- 
duated Parallel, and obſerve the Number ot Degrees ic contains, count 
the ſame Number of Degrees in the graduated Meridian from » to 
o, and draw the Parallel o mp, where this cuts the Rumb Line be- 
fore drawn in p, gives the Place of the Ship. | 

Ik the Diſtance be not very great, eſpecially if the Places are near 
the Equator, take the diſtance from the Scale anſwering to the Mid- 
dic Latitude, and apply it on the Rumb Line from S to p, ard it 
will at once give the Place of the Ship. 

Hence we are taught, how to find the diſtance between any two 
Places upon the Chart, that differ both in Latitude and Longitude, 

viz, by taking the Difference of Latitude between the two Places 

from the graduated Parallel, and at that diſtance drawing the Line 
ef parallel to zsc, till it interſect 1 Line Sp, connecting. the two 

Places together in ; for then the diſtance sf applied to the gradua- 
ted Parallel, will give the diſtance between them: Or by laying a 

Ruler over the two Places, and with the Difference of Latitude be- 

tween the Points of the Compaſles, carrying one Foot along the 
Edge of the Ruler, till the other turned 2 juſt touches the Paral- 
lel z sc, for then the diſtance between the Point f where one Foot of 
the Compaſſes reſts, to the Place S, applied to the graduated Paral- 
lel, will give the diſtance between them. | 
Or if the Places are not far aſunder, eſpecially if they are near the 
Equator, by taking the Diſtance Sp between the Points of the Com- 
pailes and applying Wto the Scale, upon that Part which anſwers to 
the Middle Latitude between the two Places, for then the Diſtance 
meaſured upon this Line, will give the diſtance between the two 
Places. 8 | „ | 
4. The Latitude of any Place being given, and its diſtance from 
ſome known Place upon the Chart, to lay down the Place upon the 
Chart; or the Diſtance and Difference of Latitude being given, to 
lay down the Running of a Ship, and find her Place upon the Chart, 


| Example Fg 
Suppoſe a Ship at &, in the Latitude of 45 deg- oo min. North, 


ſalls between the S. and Ealt 543 Miles, or 18x Leagues, and then 
is 


- —— La 4 1 
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js found to be in tlie. Latitude of 38 deg. oo min. North, and it be 
required to find the Place of the Ship upon the Chart. 

Having drawn the Meridian Line Sm, take off the Difference of 
Latitude from the graduated Parallel, and ſet ir off downwards in 
the Meridian from & to e, and draw the Parallel ef, then with the di- 
ſtance between the Points of the Compaſſes taken from the graduated 
Parallel, ſetting one Foot in S, with the other turned about, croſs 
the Parallel laſt drawn in 7, and draw the Line S, till it meet the 
given Parallel of Latitude in p, then will p be the place of the Ship 
in the Chart: Or take the diſtance from the Scale, upon the Line 
anſwering to the Middle Latitude, and ſetting one Foot in & the 


place given, with the other croſs the given Parallel of Latitude in , 


the place of the Ship. | 
5. Tolay down a Place upon the Chart, its Bearing and Differerice 


of Longitude from ſome known Place upon the Chart being given; 
or which is the ſame thing, one Latitude, Courſe, - and Difference 


of Longitude being given, to lay down the Running of the Ship, 


and find her Place upon the Chart. 


Example. + 


Suppoſe a Ship at &, in the Latitude of 45 deg: oo min. North, 
fails S. E. by S. 3 E. until her Difference of Longitude be 154 Leagues, 
or 7 deg. 42 min. and it be required to find her Place upon the Chart. 

Having counted 7 deg. 42 min. the Difference of Longiffde in the 
graduated Parallel. from z to), draw the Meridian yÞ, where this 
interſects the S.E.by S.zE. Line drawn from Sas in p, gives the Place 
of the Ship: Or haying drawn yp paralleÞ to Sm, at the di- 
ſtance of 154 Leagues, where this cuts dhe Rumb Line beſote drawn, 


** 


as in p, gives the Place of the Ship. = 
6. Let it be required to lay down a Plate, its Bearing and 


Departure from ſome known Place upon the Chart being given, 


or which is the ſame thing, one Latitude, Courſe and Departure 


being given, to lay down the Running of the Ship, and find her Place 


upon the. Chart. 


oy Example. | 
Supppoſe a Ship at S, in the Latitude of 45 deg. co min. North, 


fails S. E. by S. 3 E until her Departure be 244 Miles, and it be 


required to find her Place upon the Chart. 


123 


Having 
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Having drawn the Meridian Line Sm thro' the Place of the Ship 
and the Rumb Line Sp parallel to ehe S. E. by S. 5 E. Line, with 
the Meridian Diſtance 344 Miles, draw a Meridian parallel to g 
till it interſe&.the Rumb Line in , and draw the Parallel fe, 

Laſtly, apply the diſtance Sc to the graduated Parallel, and count 
the Number ot Degrees it contains in the graduated Meridian from 
1 to o, and draw the Parallel om p, where this interſects the Rumb- 
Line $f produced, as in p, gives the Place of the Ship. 

7. The diſtance of any Place from ſome known Place upon the 
Ghart, and its Departure being given, to lay down the Place 
upon the Chart, or which is the ſame thing, one Latitude, Diſtance 
fail d, and Departure being given, to lay down the Ships Running, 
and find her Place upon the Chart. | 

4 a: | Example. ; 

Suppoſe a Ship at S, in the Latitude of 45 deg. oo min. North, 
Sails 543 Miles between the South and Eaſt, and then is found to 
have departed from her former Meridian 344 Miles, and it be re- 
guired to find the Place of the Ship upon the Chart. 

_ Having drawn the Meridian S x, thro' $the Place the Ship de- 
xarted from, ſet off the Departure in de graduated Parallel from 
X to u, and draw the Meridian # f,, then with the Diſtance 
ſail'd, ſetting one Foot of the Compaſſes in S, with the other croſs 
the formeg Meridian in q and draw the Parallel f e. 
Laſtly, apply the diſtance Fe to the graduated Parallel, and count 
the Degrees it tontains in the Meridian from to o, and draw the Pa- 
rallel o m p, till it meet the Line Sf produced in p, chen will p be 
the Mace of the Ship® © _ | * & 

8. The Latitude of a Race being gige and its Departure 
from ſome known Place upon the Chart, to lay down the Place 
upon the Chart, or ont Latitude, Departure, and Difference of La- 
titude being given, to lay down the Running of the Ship, and find 
her Place upon the Chart. 9 | | 
85. Example. N 


Suppoſe a Ship at $, in the Latitude of 45 deg. oo min. North, 
Tails between the South ard Eaſt, until ſhe be in the Latitude ot 
38 deg. oo min. North, and then iS found to have departed from her 
former Meridian 3 44 Miles, and it be tequired to lay down her Run- 
ning upon the Chart, and find the Place of the Ship. 


From 


wo 
e a * 
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Thus have I ſhewn from Principles firſt laid down, and then de- 
monſtrated, not only how a General or Particular Chart may be made, 
but how any Place, and conſequently any Country, or any Part of 
the Sea-Coaſt may be laid down, from any poſſible Data; as alſo 
how the careful Mariner may Trace out his ſeveral Runnings, and 
thence know the Place he is in at all times and find upon what Courſ: 
he muſt ſteer, and how far, to arrive at any Port; and fince I have 
all along endeavoured to render the moſt uſeful Problems as eaſy to be 
pecform'd by this Chart as by the Plain Chart, J hope it will be a ſuffi» 
cient Inducement to him to make Uſe of no other Chart for the future. 


r 0 TOIPIS I HIOIOISIST SIVT EN 62.0704 02 $4.07 0) 


Section XIV. 


Containing the Application of Spherical Trigonometry, to the 
Solation of ſuch Problems as ariſe from Sailing by or upon, 
he Arch of a Great Circle, and uſually called Great Circls 
Sailing. | f 


Ltho' it has been judged proper to place this Section here, as 
being more immediately a part of the Nautical Science, yet 
it is abſolutely neceſſary, that the Reader be well acquainted with 
the Doctrine of Spherics, before he attempts to meddle with it. 4 
And indeed of all Kinds of Sailing, this is molt certainly the trueſt; 
and ought in all Caſes to be followed, if it could eaſily be put in 
Practice : For, as the neareſt diſtance from one Point to another. 
upon a Plain Surface, is meaſured by a Right-line connecting the 
Points together; ſo the neareſt diſtance from one Point to another 
upon a Spherical Surface, ſuch as is that of our Terraqueous Globe, | 
1 by an Arch of a Great Circle paſſing thro' the two 
aces. 
Hence it is, that tie nearer any Ship keeps to the Arch of a Great 
Circle, the ſhorter will her Paſſage be from one Place to another. 
And therefore, How from the Latitudes and Longirudes of any 
two Places, to find the Arch of the neareſt diſtance between them, 
and thence the ſeveral Courſes ig" mult Sail upon, according to 
u the 
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gives the Length of the neareſt Diſtance. *' 


Navigation. 
the Direction of the Compaſs, is the proper Bulineſs of Great Circ}; 
Sailing; and ſhall be treated of as fully as the Nature of the Subject 
and the Intent of this Treatiſe will allow of. 3 
As the Angle which any Rumb ſorms with the Meridian is c 
the Courſe or Bearing, ſo the Angle which any Great Circle forms 


- with the Meridian is called the Angle of Poſition. Whence, in 


Prob. I. 


If the Places propoſed lie under the ſame Meridian, and conſe- 


. - quently differ only in Latitude, then the Angle of Poſition vaniſhes : 


and the Arch of Difference of Latitude becomes the Arch of neareſt 
Diſtance, and this admits of three Varietys. 


| Caſe I. 


If one Place lie under the Equator, and the other in thc Northern 
or Southern Hemiſphere, then, in this Caſe, the Latitude it ſelf be- 
comes the Difference of Latitude, and therefore reduccd into Miles 


Thus, becauſe Cape Verd lies in the Northern Latitude of «4 deg. 


- 43 min. its diſtance from the Equator in the Arch of a Great-Circle, 


is 14.deg. 43 min. equal to 883 Nautical Miles. Again, 


Caſe II. 


It the Places propoſed lie on the ſame fide of the Equator, that 
is both in the Northern, or both in the Southern Hemiſphere then 


the Exceſs of the Latitude of one Place above that of the other, will 


give the Length of the Arch of neareſt Diſtance. | 

Thus the Arch of the neareſt Diſtance between Cape Britain on 
the Coaſt of Neufound- land, in the Latitude of 46 deg. 32 min North, 
and Barbadoes in the Latitude of 13 deg. 30 min. North, will be 
found to be 33 deg. 02 min. or 1982 Nautical Miles. - 


Caſe HI. 


If the Places propoſed lie on contrary Sides of the Equator, that 
is, one in the Northern, and the other in the Southern Hemiſphere, 
then in this Caſe the Sum of the Latitudes will give the Arch of 
neareſt Diſtance, | | 

Thus 


” 
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Thus the Arch of the neareſt Diſtance between Cape Palmas on the 
Coaſt of Guinea, in the Latitude of 4 deg. 5 min. North, and St. 
Helena, in the Latitude of 16 deg. oo min. South, is 20 deg. 5 min. 
equal to 1205 Nautical Miles. And in each of theſe laſt Caſes, the 
dire& Courſe by the Compaſs trom one Place to another, 1s dire& 
Notth or dire& South, according as the Places are fcituated. 


Prob. II. 


If the Places propoſed differ only in Longitude, and are both ſcitu- 
ated under the Equator, then the Angle of Poſition is a Right Angle, 
the Courſe by the Compaſs is due Eaſt or due Weſt, and the Diffe- 
rence of Longitude becomes the Length ot the Arch of neareſt Di- , 


ſtance, ; | 


Thus the Length of the Arch of neareſt Diſtance between Comau, 
at the Entrance of the great River Amazons, and the Iſle of St. 
Thomas, near the Coaſt of Africa both ſcituared under the Equator, 
will be found to be in the Latitude of 59 deg. 30 min. equal to 3570 
Nautical Miles equal to the Difference of Longitude between the 

. two Places. | | 


If the Places propoſed lie under any Parallel ot Latitude, as ſup- 
poſe the Ifland of Penguin upon the Coaſt of Newfound-Land, and 
the Lizard at the Mouth ot the Britifh Channel, each being ſcituated 
in the Northern Latitude of 5o deg. oo min. North, and differing in 
Longitude 48 deg 50 min. the Ifland of Penguin lying ſo much to the 
Weſtward of the Lizard and it be required to find the Ang'e of Po- 
ſition, Arch of neareſt Diſtance, greateſt Latitude of the Arch, &c: 

between them. | 4 


In the adjacent Figures, Let P. Q, $, A, repreſent the Me- 
ridian, paſſing thro' Penguin 1fle, P the North Pole, & the South 
Pole, and AQ the Equator, | 


* 
* * 


Uu 2 1. Set 
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1. Set off 50 deg. oo min. from 4 to 
N, then will N repreſent the Coaſt of 
Neufound- land. [ 278 
2. With the Secant of 48 degrees 
50 minutes the Difference of Longi- 
tude betwixt the Points of the Compaſ- 
ſes, ſetting one Foot in P, with the o- 
ther croſs the Equator (if need be) in 
C, about which Point as a Center, 
| — | with the ſame Diſtance, deſcribe the 
Circle PES; this will repreſent the Meridian af the Lizard, 
3. About P as a Pole, with the diſtance of PV, the Complement 
ol Latitude, deſcribe a Parallel or {mall Circle, to cut the Meridian 


ms before drawn, in L, the Place of the Lizard. . 

4. Thro' the Points N, L, D, draw the Great Circle NLD, then 
in che Equicrural Spherical Triangle LP N are given, P N equal to 
PL the Complement of the given Latitude, the Angle N PI, equal 
to the Arch Am, the Difference of Lorgitude, to find JL N the 
Arch of the neareſt Diſtance; and the Angle LN the Angle of 
Poſition between the Lizard and Newfound-land, in this Caſe equal 
to the Angle PNL, the Angle of Poſition between Næufound-land 


and the Lizard. ö 
5. From the Point P, draw the Arch PR Perpendicular to V, 


this will be equal to the Complement of the greateſt Latitude, thro 
which the Arch of neareſt Diſtance does pals. 
| 6. Wherefore, becauſe in the Right-angled Spherical Triangles 
LRP, NR P, Right-angled at R, the Side or Arch PR is common, 
and the Hypothenuſes or Arches PN and PL are equal, the Angles 
LPR, NPR, are each equal to half the Difference of Longitude, 
or Angle LPN, and LR equal to RN, equal to half the Arch of 
_ neareſt Diſtance, Whence, 
1. To find the greateſt Latitude the Arch does paſs thro' it will 
be, As R: cs £ Angle LPN:: t, LP: t, LR. That is 
As the Radius 28 — o ooooooo 
Io the Co-ſine of half the Diff. of Long. 24 25.— 2.9593 102 
So is the Co- tangent of the given Latitude 50” o .— 9.923813 5 
To the Co- tangent of the greateſt Latitude 52" 37 9.883 1237 
8 Fe 2, To 
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2. To find LR or RN, half the neareſt Diſtance, it will be 

As R: 8, 1 LPN ::S, LP=PN: 8, LRS RN. That is, 
As the Radius — 10. 0000000 


To the Sine of the halt Diff. of Longitude 24 25 9.616 3382 
So is the Co-line of the given Latitude 50? o 9.8080675. 


ä 


— — 


To the Sine of the half Diſtance 15* 24 33” —— 9 4244057 


Which therefore doubled, gives 30 deg. 49 min. os ſec. equal to 
1849.1 Nautical Miles, equal to the Length of the Arch of neareſt 
Diſtance between the Lizard and Newfound-land. 

The Length of the Correſpondent Arch of the Parallel may be 


readily found by the 24 Caſe of Parallel Sailing ; thas, 


To the Co-ſine of the given Latitude 50* o 9 8080675 
So is the Difference of Longitude in Miles 2930———3.4668676 


To the Length of the Arch of the Parallel 1883.4 —3:2749351 


Differing from the Arch of a great Circle before found 34:3 Miles. 
By comparing the two latter Proportions together, it appears (by 


the 15thof the 8th ) that the Sine af the half Difference of Longitude, 


is to the Sine of half the neareſt Diſtance, as the Length of the Arch 


olf the Equator anſwering to the Difference of Longitude, to the 


Length of the Arch of the Parallel correſponding to, or agreeing. 


with the Arch of neareſt Diſtance. 
3. To find the Angle of Poſition, or Angle PLN, it will be, 
AsR:t,+ IL PMW:: cs, PL: ct, PLN; That is, 


As the Radius — C— — — 10.0000000: - 
To the Tangent of the half Diff. of Longit. 24* 25' 9.6570280- 
So is the Sine of the given Latitude 500 ——9.8842540 


To the Co-tang. ofthe Angle of Poſition 70% 499.5412820 


— — ——6—— — 


Which according to the Direction of the Compaſs, is North- 


70 deg: 49 min. + Weſt, or Weſt North Weſt 3 deg. 19 min. Weſt. 


It is abundantly. manifeſt, that when the Ship arrives at &, the 
Angle of Poſition, which at the Point L was only N. 70 deg. 49 min. 


: Weſt, becomes 90 deg. oo min. and therefore the Donny: is 
Eur | ue 
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due Weſt ; and conſequently the Ship in ſailing from L to R has paſ- 
ſed thro? all the Varieties of Angles of Poſition, between 70 deg. 
49 min. 4, and go deg. oo min. and continuing ſailing from thence 
to N, returns thro' all the ſame Varieties of Angles till arriving at 
N, the Angle of Poſition becomes 70 deg. 49 min. 3 as at firſt ; and 
hence ariſes the great Difficulty or rather Impoſſibility, of failing by, 
or upon the Arch of a Great Circle, according to the Direction of 
the Compaſs: And this put Menupon contriving Methods of Approxi- 
mateing as near as poſſible to the Truth, by dividing the whole 
Arch into feveral ſmall ones, and finding the Courſe and Diſtance 
upon each ſeparately, upon this Suppoſition, that a ſmall Arch diflers 
inſenſibly from a Right Line, as has been formerly ſhewn. | 

Hence it is, that the ſmaller the Diſtance is, the nearer does the 
Line upon which the Ship ſails, correſpond or agree with the Arch 
of the Great Circle; and the leſs the Difference between the Angle 
of Poſition and the Courſe Steer'd by the Compaſs. | 

The Arch of five Degrees differs but the 5 from the Length of 
the correſpondent Tangent, and conſequently the Length of the Arch 
and correſpondent Portion of the Rumb-Line will very nearly agree ; 
as will ſtill be more evident, if we Calculate the Length of each ſe- 
pararely, and compare them together. 

In the adjacent Figure, Let P repreſent the Pole, PN the Meridi- 
an of Newfound-land, and PL the Meridian of the Lizard, then will 
NL be the Arch of neareſt Diſtance between them, and PR the 
Complement of the greateſt Latitude of the Arch. 


P Let the ſeveral Meridians 
Pa, Pb, Pe, &c. be drawn, 
forming Angles with each 
other ot 5 Degrees, then will 
the Arches La, ab, be, &c. 
be the ſeveral Portionsof the 
Arch of neareſt Diſtance, 
N . anſwering to the equal Dif- 
gf R d c 1 ference of Longitude, or 
1 h * IJ. Angles LPa, abl, B Pe, &c. 
Let it be required therefore, to find the Length of the Segment 
or Portion La, of the Arch of neareſt Diſtance correſponding to 
the Angle LPa, or Arch of Difference of Longitude between the 


Places L aud a. | 
| Then 
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Then in the two Spherical Triangles LRP, aRP, Right-angled 
at R, are given the Angle LPR equal to 24 deg. 25 min. the Angle 
aPR equal to 19 deg. 25 min. and the Perpendicular PR common, 
whence to find the Arch Ra, it will be by the Rules of Spheric Tri- 
angles. : ; 
, As the t, CLR; t, Cap R: : t, RL: t, RA. That is, 
As the Tangent of the <L,PR=24" 25 — 9.6570280 


To the Tangent of the NaPR=19' 25 —9.5471377 
So is the Tangent of the Arch RL = 15 24133 ——9.4403078 


To the Tangent of the Arch Ra 125 o4 45” — 9.33041 75 


— 


Which taken therefore from Rl 15 deg. 24 min. 33” leaves 3 deg. 
19 min. 48, equal to 199 1 Nautical Miles, for the Length of 
the Arch La. _ 

Let us now proceed to Calculate the Length of the Portion of the 
Rumb Line intercepted between the Points Land a. And, 

1 In the Right-angled Spherical Triangle aRP Right-angled at 
R, are given P R equal to 52 deg. 37 min, 06” and the Angle R a 
equal to 19 deg. 25 min. whence to find the Latitude of the Point a, 
it will be, ; | | 

As cs, <RBa: P:: t, PR: t, Pa. That is, 


As the Co-Sine of the Angle RPa = 19? 25 — 9.9745697 
To the Radius — — — 10.0000000 
So is the Tangent of PR>37” 23" 54|- 9.8831237 


1 


To the Co- tang. of the Lat. of the Point a o 59 1 7 9.908: 5540 


The Latitude of the Points L and à being thus obtained, and the 
Arch of Difference of Longitude: the Courſe according to the Di- 
rection of the Compals from L to a, and thence the Diſtance or 
Length of the Portion of the Rumb Line contained between L and a 
may be found, by the firſt Caſe of Mercator's Sailing; thus, 

ö From the Meridional Parts ot 5059. 172 3567.7 
Take the Meridional Parts of 50 o oe — 3474.5 


Remains the Meridional Diſterence of Latitude 


93+2 


—— fſagn.. 


Whence 
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Whence to find the Courſe it will be, 


As the Meridional Diff. of Latitude 93.2 1.969415 
To the Radius — — ä (— —— 10.0000000 


So is the Diff. of Longitude 5* 00'=300 Miles ——2.4771213 
— — — R 


To the Tangent of the Courſe 72" 44 30, — — 10. 50% 053 


— . 


Whence to find the Diſtance or Length of the Rumb Line it 


will be, | 
As the Radius — = 10.0000000 
To the Secant of the Courſe 72 44 30“ 10.5 277111 
So is the proper Difference of Latitude 59.283 1. 7729302 


— —— — — p 


To the Length of the Rumb Line required 199.82— 2.3006413 


een —iͤ IIS 


Differing but 2 or 5 part of a Mile, from the true Length of 


the Arch of neareſt Diſtance ; which alone is a ſufficient Inftarce of 
the Trath of Mercator's Sailing, and ſhews the near Agreement there 
is between the Length ot the Rumb Line and Arch of neareſt Þi- 


ſtance, in {mall Runnings. PS 
To ſhew the great Agreement between the two different Methods 


of Inveſtigation, it was abſolutely neceſſary, to determine the Length 


of the ſeveral Arches to Seconds; but for all Nautical uſes, if they 
are found to Minutes it is more than ſufficient. 


Again, If the Courſe and Diſtance from a to b be required, then 
in the Right-angled Spherical Triangle RPb, Right-ang!ed at R, 
are given, RP equal to 37 deg. 23 min. and the Angle R equal to 
24 25'—10? 8d'=14" 25, whence to find the Latitude of the Point 


4, it will be as before, 


As the Co-fine of the Angle RP 4 25'————9g.,9861045 


————— 


So is the Tangent of RP=37'* 22' 54 ——————9.8831237 


* 
— — — — — » 
% 


To the Co-tang. of the Lat.of the Point 51 4 3.490 9.89 70 192 


—— — 


Whence 
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hence to find the Meridional Difference of Latitude, 


From the Meridional Parts of 5 1* 4 3' 49" 36390 
Take the Meridional Parts of 50 59 17 ———3567.7 


Remains the Meridional Difference of Latitude ,_ 

' Whence to find the Courſe it will be, by the 1/2 Caſe of Mercator's 
ine. | MIN 

wee Meridional Difference of Latitude 71* 3' — 1.85 30895 


— — 


- 


To the Radius — 10'0000000 
So is the Difference of Latitude 300 — 4771213 


— — 


To the Tangent of the Courſe 76 37 51' —10.5240318 


— — 


Whence to find the Diſtance it will be, 
As the Radius — —— ———10.0000000 
To the Secant of the Courſe 6 37 51'' — 100.6359665 
So is the proper Difference of Latitude 44.53 1.64865 27 


a — — — — 


To the direct Diſtance 192.58 7 — 46.9 


Alter the ſame manner may the ſeveral Courſes and Dittances from 
to c, from c to d, Cc. be found. | | 

For, in the ſeveral Spherical Triangles R Pc, RP6, &c. Right- 
angled at R, the Side PR or Perpendicular is given, and the vertical 
Angles RPe, RPd, &c. are found by a continual Subſtraction ot 5.00 
degrees on one fide ot the Perpendicular, and the Addition of 5.00 
degrees on the other; according as the Ship departs from L to Sail 
to IN, or departs from N toiSail to L. 8 

Thus the Angle RPc is equal to RPb—5.00, equal to 14% 25'—5 
—g? 25 the Angle RPd=4* 25; and conlequentiy RPe=5* . 
4 25 S 35', for the Ship in failing from d to e, paſſes by the 
vertical, or in this Caſe the moſt Northermoſt Point of the Arch 
LRN, and arrives on the contrary fide of the Perpendicular, and con- 
ſequently the Angle RPF OO 35'+5? 0o'=5* 35' the Angle 
RPg=10' 35, the Angle RPh=15? E 5', the Angle RPI 20 355 
and the Angle RPN=24* 25' as at firſt, whence the Difference of 
Longitude or Angle PN, in the Oblique Spherical Triangle iP, 
is equal to 3. 500 n ͤ t. | : 


X Hence 


Pg 
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Hence the Latitude of the Point e will be found to be 52 1433“ 
of the Point d 52 33' 09”, of the Point e 52 37 o5”, of the Point 
f 52? 29 14”, of the Point g 52 o8' 31”, of the Point h 5 1 34 41” 
of the Point i 50? 46' 49'', and of the Point N 50? oO 00”. —— 
Whence the Meridional Difference of Latitude between 5 and ; 
will be 49.99, between c and d 28.82, between d and e 7.95, be- 
tween e and f 12.71, between f and g 33.94, between g and þ 54.76, 
between h and i 76.34, and between 5 and N 73.45; and conſe- 
quently, b | 


©. | 7 
The Courſe from L to a is N 72 44 30W Diſtance 199.821 
| atob N76 37 51 W Diſtance 192.583 
btoc N 80 33 23W Diſtance 187.353 
c to d N 84 30 44 W Diſtance 184.045 
d to e N88 28 55 W Diſtance 183.679 
e to f 8 87 31 03W Diſtance 179.685 
Frog 8 8; 32 43 W Diſtance 184.276 
 grok 8 79 39 19W Diſtance 188.416 
k tos 8 75 43 23 W Diſtance 194.097 
i to S 72 17 21 W Diſtance 153.892 
| And the whole Diſtance from TL ro N=1847.847. 
If the direct Courſe and Diſtance from the Lizard to the Vertical 
or moſt Northermoſt Point of the Arch of the great Circle be required. 
Then, 9 £| — 3 e 
From the Meridional Parts of the Latitude of the Arch 7 8 
of neareſt Diſtance 52 37 06' 72% 
Take the Meridional Parts of the Latitude of the Li- 
æard 30 00,00 — —:.:(—. — 


72347450 


- 


Remains the Meridional Difference of Latitude 251.3) 


—_ — 


Whence to find the direct Courſe, it will be, 
As theMeridional Difference of Latitude 251.37 —2.4003 134 


To the Radius — io ooooooo 
So is the Difference of Longitude 24*25=1465 ———2.1658376 


. * 


— — 


To the Tangent of the Courſe 80 15 50 ———10.7655242 


— —— — — 


Which becauſe the Difference of Latitude is Northerly, and the 
Difference of Longitude Weſterly, is North 80˙ 15 50“ W. or 
Weſt by North 1* 31' Weſterly. Whence, 
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Whence to find the direct Diſtance, it will be, 


As the Radius — — — lo. ooooοοοο 
To the proper Difference of Latitude 157.1 2. 196 1762 
So is the Secant of the Courſe 80? 15 50” 10.7718293 
2 0 — — 

To the direct Diſtance 928.98) 2.968005 5 


— —' 


Whence, becauſe the Triangles LPR nd VR are equal, and the 


————— — 


dnip in ſailing from R to & ſails Weſterly, and from a greater North 
Latitude to a leſſer, the true Courſe will be South 80® 15' 50“ Weſt, 
or Weſt by South 1.31 Weſterly ; and direct Diſtance 928.987. 

Hence the whole Diſtance will be 1857.974 Miles, which exceeds 
the Arch of neareſt Diſtance 8.874 Miles, but is leſs than the 
Length of the Parallel 25.426 Miles, | 


Prob. III. 


Two Places differing both in Latitude and Longitude, their La- 
titudes and Difference- of Longitude are given, to find the Arch of 
neareſt Diſtance between them, Angles of Poſition, c. 2 

| This Problem admits of three Varieties. 1 

1. When one of the Places is ſcituated under the Equator and the 
other in the Northern or Southern Hemiſpherme e.. 

2. When both the Places are ſcituated in the ſame Hemiſphere. 

3. When the Places propoſed are ſcituated in different: Hemiſpheres, 
that is, one in the Northern Hemiſphere and the other in the 
Southern, | —_ 


F 


Of each of theſe in their Order, And 
Caſe [. | 


1. Let it be required to find the Arch of neareſt Diſtance, 
Angles of © Poſition, Latitudes of thoſe Places thro which the 
Arch paſles at every 5 Degrees of Difference of Longitude ; allo 
the Courſe and Diſtance from each of thoſe Places to the other: be- 
tween the Lizard ſcituated in 50 deg. oo min. of Northern Latitude, 
and the Iſland of Comau ſcituated under the Equator, differing from 


each other in Longitude 45 deg. oo min. Coman lying ſo much to the 
Weſtward of the Lad. N "IN | 


. 


X x 2 ; In 1 
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In the adjacent Figure, Let P repreſent 


the Equator, PAS the Meridian paſſing 
7, thro” Coman, A the Place of Comau it 
\ elt. 


1. With the Secant of the Difference of 
— Toneitude between the Lizardand Coma, 

7 to 37 ger. O0 min, ſettins One foot 

of the Compaſſes in P, with the other 

croſs the Equator in Q, about which 
| Point as a Center, with the ſame Diſtance 
2 the Circle PLS, this ſhall repreſent the Meridian of the 
Lizard. | „% 


2. Set off the half Tangent of the Difference of Longitude from 
to p, this will give the Pole of the Meridian PLS. 


3. Set off the Latitude of the Lizard from A to d, a Ruler laid 

over d and the Pole p, will cut the Meridian PLS in the Point L, the 
Place of the Lixard, thro which and the Points 4 and ©, if the 
Great Circle AL N, he drawn, the thing is done. 


Then in the Oblique-angled Spherical Triangle AL, are given, 
4 the diſtance of Comau from the Pole, in this Caſe equal to godeg. 
oo min. or a Quadrant, PL the Complement of Latitude of the Li- 
ard, and the Angle APL, equal to their Difference of Longitude, 
to find the Angle PAL, the Angle of Pofition between Coman and 
the Lizard, the Angle ALN the Angle of Poſition between the Li- 
ard and Comau, and the Side AL the Arch of neareſt Diſtance, or be- 
cauſe the Triangle APL is a Quadrantal Triangle in the Supplemen- 
tal Right-angled Spherical Triangle ANL, are given, LN the Lati- 
tude of the Lizard, AN the Difference of Longitude between the 
Lizard and Comau, and the contained Angle ANL Right, to find 
the Angle ALN the Angle of Poſition between the Lizard and Comau, 
the Angle LAN the Complement of the Angle. LAP, the Angle of 
Poſition between Comau gud the Lizard, and the Hypothenuſe AL 
the Arch of neareſt Diſtance. | Whence to find 


1. The Angle ALN the Angle of Poſition between the Lizard and 
Comau it will be, 


8 As 


the North Pole, & the South Pole, 40 


- 


5 Navigation. 33 7 
As the 8, LN: R::t, AN: t,SALN. That is, 
As the Sine of the Latitude of the Lizard 50* oo'— — 9.8842540 


| 
: 
: 


To the Radius <> — _ ———— / 0, 0000000 
So is the Tangent of the Diff. of Longitude of 45* oo' 10.0000000 


To the Tangent of the Angle ALN 52 32' % ——-10.115746 
Or Angle of Poſition at the Lizard. 

Which, becauſe Conidis lic under the Equator and to the Weſt- 
ward. of the Lizard, is S. 52 deg. 33 min, W. | 


2. To find the Angle of Poſition at Coma or Angle LAP, it will 
de, 458, AN: R; t, LN: ct, CLA. That is, 
As the Sine of the Difference of Longitude=45* o- 9. 8494850 


— — 


1 


To the Radius — — 10. 00000 
So is the Tang. of the Latitude of the Lizard o οο 10. 0761865 


To the Co- tangent of the Angle LAP zo? 4r 42—10. 2267015 


Or Angle of Poſition at Comau, which becauſe the Lizard lies to the 
Northward and Eaſtward of Comau, is N. 30 deg. 41 min. 1 E. 
3. To find the Hypothenaſe AL, or Arch of neareſt Diſtance, it 
will be, „„ bn WP * th 8 5 
As R: cs, LN: : 68, IN: cs, AL. That is, 


To the Co: ſine of Latitude of the Lizard 30 o —9.8080675 
So is the Co- ſine of the Difference of Longitude 45.00 948494850 


To the Co- ſine of the Arch of neareſt Diſt. 6 2.58—9.65 75525 
Or 3778 Nautical Miles. 8 
Now to find the Latitudes of the ſcyeral Points a, b, c, d, &c. 


_ thro' which the Arch. paſles at every 5 Degrees of Difference of - 
Longitude ; in the adjacent Figure, | 
Let 


- 


P Let P repreſent the Pole, A the 
, Iſland of Coman, L the Lizard, 
AL the Arch of neareſt Diſtance, 
and AN the Arch of the Equator 
anſwering to the Angle APL, the 
Difference of Longitude berween 
the two Places, in this Caſe 45.00 
degrees, and let the ſeveral Me- 
ridians N, Pk, PI, &c. be drawn, 
forming Angies with each other 
my to 90 2 where 
| | theſe interſe& the Arch of neareſt 
nn Diſtance, as in the Points a, 25 c, 
&c. give the ſeveral Places in that Arch anſwering to every 5% De- 
gree of Difference of Longitude, and the ſeveral Portions 7a, kb, Ic, 
&c. 5 of the Meridians Pi, PE, PI, &c. the Latitudes of thoſe 
ſeveral Points. „„ 2 

And becauſe the Angles at the Pole P, are meaſured by the corre- 
ſpondent Arches of the Equaror in the ſeveral Spherical Triangles 
Ai a, Akb, Alc, &c. Right-angled at i, E, I, &c, are given, the An- 
gle LAN, the Complement of the Angle of Poſition at Comau, and 
the ſeveral Baſes or Arches A rm-40.00, Ak—=35.00, AI zo. oo, 
&c. each difſering 5 Degrees from the other; to find the ſeveral 
Perpendiculars i a, kb, Ic, &c. the Lgtitudes of the ſeveral Points 
a, B, c, &c. anſwering to the ſeveral Differences of Longitude Ni, ix, 
EI, 5 wherefore to find, firſt the Latitude of the Point a, it 
will be, | - * | | 
| As R: &, A;: t. i Aa: t, ia. That is, ̃ 
As the Radius ͤ .. 0. ooooOO⁰ 
| | = 2 — 

To the Sine of 40 0 !ĩ᷑ 2.808067; 
So is the Co- tangent of the Angle of Poſition 3919 10. 2267015 


A 


To the Tang. of the Lat. of the Point a=47.175—1 0.0347690 


Again, to find the Latitude of the Point ö, it will be, 
; R: 8, Ak: : t. TBA (SLAM: bk, That is 


As 
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As the Radius ———————————————19.0000000 


To the Sine of 4 k=35.00—————— ———9.7585913 
So is the Tangent of <LAN=59.19 —— 10.22679015 


To the Tangent of the Lat. of the point þ=44.01 7 9.9852928 


After the ſame manner the Latitude of the Point c will be found to 
be 40 deg. 07 min. 5, of the Point d 35 deg. 27 min. 3, of the Point 
e 29 deg. 57 min. 4, of the Point F 23 deg. 34 min. of the Point g 
16 deg. 18 min. 4, of the Point þ $deg. 2x min. 5, and of the Poiut 
A © deg. oo min. | 4 | £ 
Hence the Meridional Difference of Lat, between L and a, will be 
found to be 246.2, between a and b 279.98, between b and c 316.16, 
between c and d 354.04, between d and e 392.5, between e and f 
429.92, between F and g 463.5, between g and 5 489.1, between b 
and A 503.1 ; and conſequently, 45 oi | 
The Courſe from L ro a is 8S 50 37 W Diſtance 256.62 
xz atob S470 005 W Diſtance 286.80 
v roc 843 30 W Diſtance 323.40 
c to d 840 16 Diſtance 366.48 
A4 dtoe 837 231 W Diſtance 415.35 
etof 834 54 W Diſtance 46773 
Frog 832 55 W Diſtance 518.54 
5 J gtoh 831 3 Diſtance 560.5 
© hto 1 8 30 4859 ] Diſtance 383.65 


| And the whole Diſtance from L to A=3778.64. 


82 but 752 of a Mile from the Length of the Arch of neareſt 
Iſtance. | a a 
If the direct Courſe by the Compaſs be required, it will-be by the 
firſt Caſe of Mercator s Sailing ; * * 22 
As the Meridional Difference of Latitude 34745. 3. 5408923 


5 


To the Difference of Longitude 2700 3.43 13637 
So is the Radius — — ——— IEF > — 


To the Tangent of the Courſe 37 deg. 5 x min. W. 9.89047 14 


Which 
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Which becauſe Comar lies to the Southward of the Lizard, and 
the Difference of Longitude is Weſterly, is South 37 deg. 51 min, 
Weſt, or South Weſt by South 4 deg. 06 min · Weſterly, 

And to find the Length of the Rumb Line between the Lixard 
and Comau, it will be, .. | | 

As the Radius —— . — — 10000000 


To the proper Difference of Latitude 3000. ———3.4771213 
So is the Secant of the Courſe 37 deg. 51 min.———10.1025819 


— —— 


To ibe Length of the Rumb Line 3799-3 —.—3 57570 


Differing from the Arch of neateſt Diſlance 21.3 Nautical Miles; 
and from the Sum of the Diſtances by the former Calculation 20.66 
Miles. | 


Caſe II. 


If the Places propoſed are ſcituated in the ſame Hemiſphere, as 

| ſuppoſe the Lixard in the Latitude of 50 deg. oo min. North, and 

Barbadoes in the Latitude of 13 deg. 30 min. North, the Difference 

of Longitude betwixt them being 52 deg. 58 min. Barbadoes lying 

ſo much to the Weſtward of the Zizard, and it be required to {ind 
the Angle of Poſition, Arch of neareſt Diſtance, &c. 

= In the adjacent Figure, Let PASO, 

n repreſent the Meridian of Barbadoes, P 
the North Pole, & the South Pole, and 
A® the Equator. 

I. Set off the Latitude of Barbadoes 
13.deg. 30 min. from A to B, then will 
B repreſent Barbadqes. 

2. With the Secant of 52 deg. 58 min, 
the Difference of Longitude, ſetting one 
Foot of the Compaſſes in P, with the 
ö other croſs the Equator produced (if 

need be) in C, on which. Point as a Center, with the ſame diſtance 

deſcribe the Circle PMS, this will repreſent the Meridian of the Li- 

zard, and if the Half Tangent of the Difference of Longitude 5 2 deg, 

58 mir. be {ct off from o to p, the Point P will be the Pole. 9 P 

3 Seto 
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3. Set off the Latitude of the Lizard 5o deg. oo min. from 4 to 
x, a Ruler laid over x and the Pole p, will cut the Meridian PMS 
in the Point L the Place of the Lizard. | | £5 | | 
4. Thro' the Points B, L, and O, let a Great Circle be deſcribed 
and the thing is done; then will BL be the Arch of neareſt Diſtance, 
the Angle B che Angle of Poſition at Barbadoes, and the Angle L 
the Angle of Poſition at the Lizard. | ' | 
From g let fall the Perpendicular BZ, then in the Right Angled 
Spherical Triangle PBZ Right-angled at Z, are given, BP equal to 
the Complement of the Latitude of Barba does 76 deg. 30 min. the 
Angle BPZ the Difference of Longitude, equal to 52 deg. 58 min. 
Whence to find PZ a 4th Arch it will be, | 
As R: cs P: : t, BP: t, PZ. That is, 
As the Radius —— 10,0000000 


To the Co- ſine of the Diff. of Longitude 32 58'— 9.779798r . 
So is the Co-tang. ot the Latitude of Barbadoes 13 30 10,6196463 


To the Tangent of PZ, or a4th Arch 68* 16'= 10.3994444 


From the 44h Arch'PZ=68 deg. 16 min. take PZ the Comple- 
ment of the Latitude of the Lizard 40 deg. oo min. and there will 
remain the 5th Arch LZ equal to 28 deg. 16 min. 5 

Wpbence to find, /, BL the Arch of neareſt Diſtance, it will be by 
comparing the two Right-angled Spherical Triangles BPZ, BLZ, 
together. 10 0 | 2 

w, As es, PZ: cs, LL: : cs, Bp: cs BL. 3 

As the Co- ſine of the 4th Arch PZ 68.16 —— —— 9.56853 87 


To the Co- ſine of the 3% Arch LZ 28.16 99448541 


So is the Sine of the Latitude of Barhadoes 13.30 — 9.3681 853 
Io the Co- ſine of the Arch of neareſt Diſtance 56-16 9. 7445007 
Equal to 3376. Nautical Miles. 20] 5. : J 0 
2. To find the Angle of Poſition at the Lizard it will 0 Wi! 
As 8, LZ:S, PE: t, p: t, QZ. That is, | 4 
As the Sine of the 4% Arch LZ 28.16 —— 9.675 3896 
Io the Sine of the 5th Arch PZ 68. 16 — —9.967977t 
So is the Tangent of the Dif. of Longitude 5 2.58 *-.10.1 223600 


To the Tang. of <of Poſition at the Lizard 68.57 10.449475 
Yy 3- To 


% 


SA 2 " "i " * 
= 9 


©. 


As the Radius — — 10.0000000 


3. To find the Angle of Poſition at Barbadees it will be, 
Co's > As 8, BL: S, P:: , PLE: 8, B. That is, 
As the Sine of the Arch of neareſt Diſtance 56.16 — g. 9199305 


To the Sine of the Diff. of Longitude — 52.5 29.902151 
So is the Co- ſine of the Latitude of the Lizard'50.00=9.8080c75 


— 


To the Sine of the Tal Poſition at Barbadees 38.05=9.7902948 


B Now in Order to find the 

Courſe and Diſtance to every fith 
Degree of Difference of Longitude 
in the Arch of the Great Circle, 
in the adjacent Figure, Let P re- 
preſent the North Pole, B Barba- 

does, L the Lizard, and BL the 
Arch of the great Circle intercep- 
ted between them. | 


From P jet fall the Perpendicu- 
- lar PR upon BL produced, this 
Will repreſent the Complement of 
the greateſt Latitude, thro which the Great Circle paſles ; to find. 
which Trigonometrically, in the Right-angled Spherical Triangle 
PIR are given, PL the Complement of the Latitude of the Lizard, 
and the Angle PLR the Angle of Poſition, whence to find PR, it, 


will be,” 


As R 8, EP: : S, T. 8, PR. That is, 


"> o the Co-ſine of the Latitude of the Lizard 50:00. 9.8080675 


| t To the Co-fine of the greateſt Latitude 53-08 
2. To find the Polar Angle, LPR, or Difference of Longitude 


between R and L it will be, | 
: As R: cs, LP:: t. Q. ; Ck, LPR. That is, 


” 


9.778 1066 


- 


As 
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Aude 


To the Sine of Latitude of the Lizard $0.00 ———9.8842 540 
So is the Tangent of the Angle of Poſition 68.57 3 — 10.449475 


—— 


To the Co-tangent of the Angle LPR=26.39% — 10.2992015 


Thro' P draw the ſeveral Meridians Pa, P&, Pc, &c. forming 
Angles with the Meridian PL of 5 deg. 10 deg. 15 deg. Oc. where 
theſe interſe& the Arch of the great Circle, as in the Points a, 6, c, 
&c. they give the ſeveral places in that Arch anſwering to every fifth 
Degree 55 Difference of Longitude from the Lixard, and the ſeveral 
Portions of the Meridian Pa, P, Pc, &c. the Complements of 
the ſeveral Latitudes of thoſe Places. 

To find each of which Trigonometrically, in the Spherical 
Triangle aPR, Right-angled at R, are given, PR equal to 36 deg. 
52 min. the Complement of the greateſt Latitude, and the Angle 
aPR equal to the Angle LPR plus 5 deg. equal to 31 deg. 39 min. 
Whence to fiad Pa the Complement of the Latitude of the Point a, - 


it will be, 
| As R: cs, CapR: : ct, PR: ct, Pa. That is, 
As the Radius ; — 10.000000@ 


| To the Co-ſine of the Angle aPR=31.29 —— — 9.9300670 
So is the Tangent of the greateſt Latitude 53.98——10 1249898 


To the Tang. of the Latit. of the Point a=48.37 10.0550568 


R Again, N — Gs fr N be added 5 deg. go min. we ſhall 
ave the Angle R equal to 36 deg. 39 min. Whence to find the 
Latitude of the Point 6 it will be, IPL 


As R: cs, CR :: t, PR: t, R. Thatis, 
As the Radius ——_ 


To the Co- ſine of the Angle bPR=36.3 . 51 
So is the Tangent of the greateſt Latitude 53.08 — * 


7 — —— 
—— 


— 


To the Tangent of the Latit. of the Point 5 246.56 10. oa 9 3249 


Yy 2 | After 
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After the ſame manner by increaſing the ſeveral Polar Angles 
5 deg. oo min. the Latitude of the Point c, will be found to be 
44 deg. 50 min. of the Point d 42 deg. 28 min. of the Point e 3g deg. 
36 min. of the Point F 36 deg. 15 min. of the Point g 32 deg. 21 min. 
of the Point h 27 deg: 51 min. of the Point # 22 deg. 46 min, of the 
Point k 17 deg. 07 min. and of the Point B 13 deg. 30 min. 
Hence the Meridional Difference of Latitude between L and , 
will be found to be 127.3, between @ and þ 150.3, between þ and 
c 175.4, between e and d 202.0, between d and e 228.0, between 
e and f 254.9, between F and g 283.4, between g and h 312.2, be- 
tween hand # 337.6, between #i and ł 360.8, between k and B 225.0 
whence by the firſt Caſe of Mercator's Sailing, 


The Courſe from L to a is 8 6 o N Diſtance 212.57 


atob 863 23 W Diſtance 225.44 
 broc 85 4 W Diltance 241.69 
c to d S56 o W Diſtance 261.43 

d toe S 5 46 W Diſtance 284.26 

etof 840 39 WW Diſtance 310.4 
Frog $46 38 W Diſtance 340.78 
grob S843 W Diſtance 374.4 


bro i S411 38 W Diſtance 408 o) 

i to k 839 44 C Diſtance 440 · 86 

 ktoB 838 21 W Diſtance 276.71 

, Whence the whole Diſtance trom L to B=3376.71 


— — — 


Didering but 55 parts of a Mile from the Arch of neareſt Di- 
ſtance. | 


If the direct Courſe by the Compaſs from the Lizard to Barbadoer, 


and the Length of the Rumb Line intercepted between, them be re- 


quired. 'Then, * f | W : 
From the Meridional parts of 50” 0 — ———474,5 
Take the Meridional parts of 13 30' — $17.6 


Remains the Meridional Difference of Latitude — 2656.9 


Whence to find the Courſe it will be, by the firſt Caſe of Mer- 
cator s Sailing. | 1 


A VF, f 5 


' * as 2 1 1 * 1 4 
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As the Meridional Difference of Latitude 2656.9 — 2.4243 752 


To the Difference of Longitude 52? 58'=3 178 — 2.502 1539, 


So is the Radius — — — 10'0000000 


To the Tangent of the direa Coui c 5o* 06" — 10.0777787 


Which becauſe Barbadoes lies to the South Weſtward of the Li- 
Tard, is S. 50 deg. 06 min. W. or South Weſt 5 deg. 06 min. Weſt- 
erly. Whence to find the Length of the Rumb Line it will be, 


— 


As the Radius — —— —10.0000000 


So is the proper Differ. of Latitude 36? 30'=2190 — 2.3404441 
To the Length of the Rumb Line 3414. W 2815 
Differing but 37.43 Miles from the Arch of neareſt Diſtance: . 


Caſe III. 


If the places propoſed are ſcituated in diſſerent Hemiſpheres, as: 
ſuppoſe Barbadoes in the Latitude of 13 deg. 30 min. North, and. 
St. Helena in the Latitude of 16 deg. 03 min. South, the Difference 
of Longitude between them being 5 x deg- 44 min. St. Helena lying 
ſo much to the Eaſtward of Barbadoes, and it be required to find. 
the Angle of Poſition, Arch of neareſt, Diſtance, Courſe and Di- 
ſtance from Barbadoes to St. Helena, to every fifth Degree of Diffe- 
rence of Longitude. 

In the adjacent Figure, Let P repre- 
ſent the North Pole, S the South Pole, 
AQ the Equator, PASQ the Meridian 
of Barbadves- | 


B 

1. Set off 13 deg. 30 min- the Lati- a 
tude of Barbadoes from A to B; then % 
will B be the place of Barbadoes R 


2: With the Secant of 5 x deg. 44 min. 
the Difference of Longitude, ſetting 
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one foot of the Compaſſes in P, with the other croſs the Equator 
(produced if need be) in C, on which as a Center, with the ſame 
Diſtance deſcribe the Circle PMS, this will repreſent the Meridian 
of St. Helena, and if the half Tangent of 51 deg. 44 min. be ſet of 
from o to p, p will repreſcnt its Pole. | | 
3. Set oft 16 deg- 03 min. the Latitude of St- Helena from 4 to 
x, à Ruler laid over x and p will cut the Meridian PMS in # the 
place of St. Helena. | 
4. Thro' B and H let a Great Circle as BHD be drawn, and the 
thing is done ; for BH will be the Arch of neareſt Diſtance, the 
Angle B the Angle of Poſition at Barbadoes, and the Angle H the 
Angle of Poſition at St. Helena. | 
5. From H let fall the Perpendicular HR, then in the Spherical 
Triangle PHR Right-angled at R, are given, PH equal to 106 deg, WE 
oz min. the Angle P equal to 51 44 whence to find PR it will be,. 
As R: es:: T, PH: T, PR. That is, : 
As the Radius — — 10.0000000 
To the Co- ſine of the Diff. of Longitude 5 15.44 —9.79 19168 
So is the Co- tangent of the Latit. of St. Helena 16.03 10.541075 


To the Tang. of a 4th Arch PR 


Which becauſe P is greater than a Quadrant, is equal to'114* 55. 
Nov if from PHequal to 114 deg. 55 min. be taken PB the Com- 
plement of the Latitude of Barbadoes, equal to 76 deg. 3o min, 
there will remain BR a fifth Arch, equal to 38 deg. 25 min. whence 
to find the Angle of Poſition at Barbadoes, it will be, by comparing 
the Right-angled Spherical Triangles PAR and BAR together. 


As 8, BR: 8, PR: zt, pP: t, TBB. That is, 
As the Sine of the 5th Arch BR 38.25 | 


To the Sine of the ath Arch PR 114.25 —— — 9.9575697 
So is the Tangent of the Difference of Longitude 5 1.44 10.1030286 


— — 


To the Tang. of the Angle of Poſition at B61 36' 10. 2672440 


— — —- 


* 


10. 33 29920 


4 


—ů— — 


97933543 


—— 
— 


Hence to find the Angle of Poſition at St. Helena it will be, 


As 8, PH: S, B:: 8, PB: 8, <H, That is, 
8 
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As the Co- ſine of the Latitude of St. Helena 16.03 9.98273 28. 


— 


To the Co- ſine of the Latitude of Barbadoe 13.30 9.98783 18 
So is the Sine of the T of Poſition at Barbadoes 61.36 9. 9443092 


To Sine of the Cof Poſition at St. Helena 77*04' 39.949407 

To find BH the Arch of neareſt Diſtance it will be... . 
As 8, B: 8, PH: : 8, P: 8, BH. That is, | 

As the Sine of the Angle of Poſition at B 61:36 —— 9.9443092 


To the Co-ſine of the Latitude of St. Helena- 16.03 9:98273 28. 
So is the Une of the Difference of Longitude 51.44 —9.894945 \ 


To the Sine of the Arch of neareſt Diſtance 59.04. 9.93 33689 


Equal to 3544 Nautical Miles: 

To find the Latitude of the ſeveral Points in the great Circle BH, 
anſwering to every 5. Degrees of Difference of Longitude, inſtead of 
finding the Complement of the greateſt Latitude thro which the Arch 
pailes I ſhall make Uſe of the Supplemental Triangle BAL as being. 
in this Caſe much more natural and eaſy. 

In the adjacent Figure therefore, 
let P repreſent the Pole, B Barba- 
does, H St. Helena, and AIM the 

rtion of the Equator intercepted. 

tween the Meridians PBA, PMH, 
equal tothe Difference of Longitude 
between the two places; and let the 
ſeveral Meridians Pk, PI, Pm, &c. 
be drawn, forming Angles with each 
other equal to 5 degrees, where 
theſe interfe& the Arch BIH in the A 
Points a, 6, c, &c. they give the ſe- 
veral places in that Arch anſwering 
to every fifth degree of Difference 
of Longitude, and the ſeveral BE 
tions ak, 5% am, &c. the ſeve- ; 
ral reſpe&ive Latitudes; then in the Spherical Triangle ABI, Right-- 
angled at 4; are given, AB the Latitude of Barbadoes, the. Angle 
ABI the Angle of Poſition at Bar badoes; whence to find rhe Angle 


A it will be, As. 


HH 


5 To the Tangent of the Arch 14 23.21 


Foint i 12 deg. 36 min. and of the Point H 16 deg. 03 min, South. 
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75 As R: cs, BA:: S, ABI: cs,<AIB; That is, 
As the Radius = — —- 10.0000000 


To the Co-ſine of the Latitude of Barbadves 13.30 9980831) 
So is the Sine of the Angle of Poſition 61.36 —— «« 9.944309; 


To the Sine of the Angle BIA=3 1.12 e 993214 


For the Arch Bit will bee, 3 
As R. 8, BA:: t, CB: t, AI. That is, 

As the Radius — — — — ſoooooooo 

To the Sine of the Latitude of Barbadves 13.30 9.36 18853 

So is the Tangent of the Angle ot Foſitionw i. 36 10. 267045; 


— 9.628 306 
No becauſe the ſeveral Arches of the Equator 4k, ł I, Im, &c. 
are equal to the reſpective Differences of Lene between the 
points B, a, d, and e, equal to 5 degrees, if from 4 equal 23.21, 

be taken ſucceſſively 5 deg. 10 deg. 15 deg. Cc. the ſeveral Re- 
mainders will give the Lengths of the ſeveral Arches 7k, 11, In, &c. 

ſo that in the ſeveral Spherical Triangles 7k a, Ill, Im e, &c. Right- 
angled at&, I, m, are given, 7k equal to 18.21, I equal to 13.21, 

In equal to 8:21, Cc, and the common Angle MA equal to 3 1.12, 


* a 


w hence to find firſt the Latitude of the Point & it will be, 


+ ASR:$,46::1,<AIB: a. Thards, - 


To the Sine of 1 þ=r8. 21 — — 4980635 
So is the Tangent of the < BIA=z 1.12 ———9.7822013 


To the Tang. of the Latit. of the hint a= 10.489. 2802648 


After the ſame manner the Latitude of the. Point þ will be found 
to be 7 deg. 58 min. North, of the Point c 5 deg. 01 min. North, of 
the Point d 2 deg. o1 min. North; but becauſe the Ship in. paſſing 
t ro the Point I croſſes the Equator, the Latitude of the Point e 
will be x deg. oo min. South, of the Point 4 deg. ©1 min. South, of 
the Point g 6 deg. 58 min. South, of the Point þ 9 deg. 5 1 min. of the 


—— — ! — 


” 2 — 


Hence 


Great Circle Sailin g. 


Hence, and from the 4th Caſe of Mercators Sailing. 


The Courſe from B to a is S. 61.04 E. Diſtance 334.85. 
a tobisS. 60.09 E. Diſtance 341.55 
to c is S. 59.22 E. Diſtance 346.39 
c to d is S. 58.59 E. Diſtance 349.3 2 
d to e is S. 58.50 E. Diſtance 350.7: 
e to F is S. 58.5 2 E. Diſtance 350. 48 
F tog is 8. 59.21 E. Diſtance 347.30 
g to h is S. 59.46 E. Diſtance 343.58 
5 to i is S. 60.421 E. Diſtance 337.07 
i to His S. 62-07 E. Diſtance 442.77 


Sum of the whole Diſtance=3 54402 


If the direct Courſe from B to H, and the Length of the Rumb 
Line intercepted between them be required, it will be by the iſt Caſe 
of Mercator 's Sailing. ä | 
As the Meridional Difference of Latitude 1793.5 


3-2537014 


—— 


To the Radius — — — — — — 10 0000000 
So is the Difference of Longitude 3 104——=—— —— 3.49192 17 


2—» 


To the Tangent of the Courſe 59.59 ——— — 10.23 82203 


—— — 


Differing but 11 Minutes from the Mean Courſe. 
For the Length of the Rumb Line it will be, 


As the Radius — 10,0000000 
To the Secant of the Courſe 59.59 —— —— 10.3008113 


So is the proper Difference of Latitude 1773 ————3:2487087 


To the Length of the Rumb Line 3544.21 —————3.5495 200 


Diftering but 25 of a Mile from the Arch of neareſt Diſtance; 
and but :;2 from the Sum of the ſeveral Diſtances before found. 
Inſtead of making Uſe of the Axiom, As the Sine of half the Sune 
of the Sides, &c. for finding the Angle of Poſition, I have rather 
choſe to go it by letting fall the Perpendicular ; which Method I 
take to be more inſtructive, and _ burthenſome to the Memory. 
2 As 
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As the chief End and Deſign of the Nautital Art, is to condue 
a Ship after the caſieſt and molt commodious manner that may be 
from one Place to another, ſo the principal Problems upon which the 
whole Buſineſs Centers, are firſt, having the Scituation of two Places 
given in reſpect to Latitude and Longitude, to find upon whatCourfe, 
andi how far the Ship muſt ſail ro get from one Place to the other, and 
ſecondly, ſuppoſing the Ship to have ſailed upon the ſame or ſome 
other Courſe, a given and determinate diſtance, to find the Latitude 
ſhe is in, how much ſhe has altered her Longitude, and upon what 
Courſe ſhe muſt fail of a new, and how far, to arrive at her inten- 
ded Port. 4 | 
To ſhew how each of theſe may be reſolved by the Simple Rules 
of Multiplication and Diviſion, without the Aſſiſtance of the Tables 
of Logarithms, Sines, Tangents, Secants, Meridional Parts, or a- 
ny Artificial Numbers, will, I preſume, be not unacceptable to the 
Ingenious Reader. f 5 | 
Let i therefore be required, firſt to find the Courſe and Diſtance 
between the Lizard in the Latitude of 5odeg. oo min. North, and 
Barbadces lying in the Latitude of 13 deg. 30 min. North, Barba- 
does being ſcituated 52 deg. 58 min. to the Weſtward of the Lizard. 
In the 10th Section it has been ſhewn, that if a be put for the La- 
titude of any Place, or its neareſt diſtance from the Equator in ſuch 
Parts as the intire Circumference of the Earth is 3.14159, Cc. or the 
Diameter 1.0000, Oc. that a + 5a? ,a + $£:;a?, Cc. will be the 
diſtance of that Place from the Equator, in ſuch Parts as a Degree 
of the Meridian is 60.000, Cc. upon the true Chart, where the 
Rumb Lines are repreſented by ſtrait Lines; put ⁊ therefore equal 
to 8726646, Oc. the Latitude of the Lizard, in ſuch Parts as the 
whole Circumference of the Earth is 3.14159, Cc. equal to 3000, 
the m:nutes in 50 deg. oo min. multiplyed by 0002.9088.2, c. the 
Length of the Arch of one minute, and x equal to .2356194, Oc 
the Latitude of Burbadoes expreſſed in the ſame Parts; then will the 
Difference between X EAN FX F. sz, Cr and x+%x* TX 
L', Cc. equal tothe Difference between -8726646*, c. -{-! 
$726646*, Cc. 1 8228846 +, Cc. and 2355194, &c.+; 
2356194, Oc. z 2356194", Cc. equal to 6370452, Cc. + 
1085819 210572 146642 11201 28294738 + 198 4-59, = 
7728511 divided by. ooo 2908882, give 2656.9 for the Diſtance 
between the Parallels paſſing thro' the Lizard and Barladoes, or the 


Ml'eridional Difference of Latitude between them; * 
* | vi- 


* 


c 
$ 
, 
| 
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divided by 3178, the Difference of Longitude between the 7;z.ard 
and Barbadoes, will give $36-+for the Co-tangent of the Courſe in 


ſuch Parts as the Radius is 50000, Oc. | 
Put r equal to 836+, then, according to Section the zd of Par: 


the , in Page the Soth, will the Complement of the Courſe be c- 

nal to -t + ;t5—7z7, Cc. equal to 836—; 836 +7} 8367 — 
1 $36” equal to 696+, in ſuch Parts as the whole Circumfet ence is 
6.283 + and being therefore reduced into degrees and minutes, will 
give 39 deg. 54 min. which therefore taken from 9o deg- oo min. 
will leave 50 deg. os min. for the true Courſe ; which becauſe the 
Ship is bound from a greater North Latitude to a leſſer, and the 
Difference of Longitude is Weſterly, is according to the Narzrical 
Phraſe South 59 deg. os min. Welt, or South Weſt 5 deg- os min. 


Weſterly. | 
The Courſe 59 deg. os min. thus determined, being reduced in- 


to minutes gives 3006, this therefore multiplied by 000 2-9088 the 
Length of the Arch of 1 minute, will give. 8743 93 for the Length 
of the Arch of the Circumference, equal to the Angle of the Courſe 
in the ſame Parts ; put a therefore equal to .874393, then accord- 


ing to Section the 2d of Part the 2d, in Page 79, will 1 +ja* +a" 


„isa CZ , Cc. equal to 1000000 -+382286+ 121782 + 
+37864F11737+, Cc. equal to 155898 be the Secant of the 
lame Arch, this therefore multiplied by 2190, the Difference of 
Latitude between the Lizard and Barbadoes, will give 3414.1+, for 
the dire& Diſtance between the ſame Places; all which is ſo very 


obvious that it needs no farther Explanation, 


Let us now ſuppoſe ſecondly, that the Ship has failed from the 
Lizard 500 Leagues or 1500 Miles, (for the larger the Diſtance the 
better) upon the dire& Courſe, and let it be required to find the La- 
titude ſhe is in, and how much ſhe has altered her Longirude. 

The direct Courſe is 50 deg. 06 min. equal to 3006 minutes, this 
therefore multiplied by 0002-9088 the Length of the Arch of 1 mi- 
nute, will give -874393 ＋ for the Length of the Arch of the Circum- 
ference, equal to the Angle of the Courſe in ſuch Parts as the Dia- 
meter is 1000000, Cc. put à therefore equal to .8743 93 +, then 
according to Section the 2d of Part the 2d. in Page 79 will 1—;a* 


+ 34% —;:-a5, Oc. equal to 1—1 874393 T ＋ — $74393t— 
— 874393 + 6, Cc. equal to 100000—382281+24z5—62, equal 
to 6414, be the Co- ſine of the ſame Arch, this therefore multiplied 
by 1500 the direct Diſtance, _ give 962.1 for the common Diffe- 

2 2 rence 
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rence of Latitude, which being reduced into degrees and minutes 
and ſubſtracted from the Latitude the Ship ſailed from 50 dep. 
oo min. North, becauſe ſhe ſailed from a North Latitude Southerly, 
will give 33 deg. 58 min. for the Latitude the Ship is in Northerly. 

Again, put X equal to . 8726646, &c. the Latitude the Ship 
ſailed from equal to 3000, multiplied into 0002. 9088-2, Cc. the 
Arch of 1 minute, and y equal to .5928301, Cc. the Latitude the 
Ship ſailed into in the ſame Parts, then will the Difference between 
zz ＋ ,3%*+,41-27 Ce- * LY T. 2142 7, Cc. equal to 
the Difference between 8726646 ++ 8726646 +23 8726646 
Ce. and 5928301 '--5928301* +5928301*, Cc. equal to 2798345 
—+760371+180365+43533 110856 ＋ 2789 ＋ 7341 198 ＋ 59, e- 
qual to 3797250 divided by G02. 9088.82, gives 1305-4, for the 
Meridian Difference of | atitude. | 

The Meridian Difference of Latitude being thus obtained, the 
Difference of Longitude will be readily had, for if a be put equa! 
874393, the Angle of the Courſe in fach Parts as the Radius or Se- 
midiameter js .50000, then by Section the 2d of Part the 2d will 
4a THA +5R=a'+ 500, Cc. equal to 87439 1 22284 
6815+ 2109+653+205+63+19+6, equal to 11959 +, multi- 
plied by 1305-4 + gives I 561-2 for the Difference of Longitude, e- 


qual to 26 deg- on min. &. 

Again, ſuppoſing a equal to 834393 as before, if a— 3a +: +a 
;-, Oc, equal to 874393 —111421+4259—77, equal to 
7671, be multiplied by 1305.4 theMeridional Difference of Latitude 
before found, and that Product be divided by 1—#a*+,4a*—;57 
a*, Cc. equal to 100000 - 38228 ＋243 5—62, equal to 64 14, the 
Quotient 1561.2 equal to 26 deg. or min. , 3, will be the Diffe- 
rence of Longitude the ſame as betore found. Or, 

If 2-4 + en — 735847, Cc. equal to 874393—111421+ 
4259—77, equal to 7671, be multiplied by 2035.4, the inlarged 
Diſtance, the Product 1561.3 equal to 26® o1':4, will be the Diffe- 
rence of Longitude, agreeing with the two former Deductions. 

The Difference of Longitude 26 deg. 04 min. thus obtained, ta- 
ken from 52 deg. 58 min. the Longitude between the two Ports 
will leave 26 deg. 57 min- for the Difference of Longitude the Ship 
muſt make, whence and from the Latitude the Ship is in 3 3 deg. 58 
min. North, and the Latitude of the Place ſhe is bouud to 13 deg. 
30 min · North, may the Courſe upon which ſhe muſt Sail, and the 
Diſtance upon that Courſe be obtained, after the manner taught in 
the former Problem. | Any 
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Any one who is Maſter of the 2d Section of Part the 24, and of 
the roth Section of Part the 3d ; will readily ſee that the ſame Re- 
quiſites may be found ſeveral different ways. 

How operoſe and difficult ſoever theſe kinds of Solutions may ap- 
pear to Perſons not well skill'd in the Doctrine of Series, nor very 
ready in the Method of Computing, yet to Perſons that are but to- 
lerably knowing in each, they are very Eaſy and Expeditious. 

The intent of mentjoning this, is notto recommend this Method 
to Practice, but toencourage the curious and inquiſitive Reader in 
his purſuit after true Knowledge, for whoſe Entertainment this was- 
principally intended; and who in one Solution of this kind well un- 
derſtood, will undoubtedly. find a great deal of Satisfaction and him- 
ſelf well rewarded for his Pains, for as every Nautical Problem may 
be reſolved after this manner, ſo in Solutions of this kind only, con- 
filts a true Knowledge of the I heory of the Art of Navigation. 


Sect. XFV. 


Containing Methods for finding the Latitudes of Places; 
or Heights of the Pole by the Meridional Altitude of the 
Sun or Stars, and their Declinations. 


b HE Latitude of any Place, (as has been already ſhewn) is 
J equal to the height of the viſible Pole, or Arch of the Meri- 
dian contained between the Pole and the Horizon, and which is ever 
equal to the Arch of the ſame Meridian, intercepted between the 
Equator and the Zenith, 

For in the adjacent Figure, where ZONH repreſents the Hori- 
zon, P the North Pole, S the South Pole, and 4 Q the Equator 3 
alſo Z the Zenith, N the Nadir, and HO the Horizon, if from ZO 
the diſtance of the Zenith from the Horizon equal to a Quadrant, 
equal to PE, the diſtance of the Pole from the rode, = taken 
away ZP the diſtance of the Pole from the Zenith, there will remain 
ZE the diſtance of the Equator from the Zenith, equal to Þ O the 
_ of the Pole above the Horizon, equal to the Latitude of the 

CE. 

As 
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| As the Declination of the Sun or 
> Star is the neareſt Diſtance of the 
P Sun or Star from the Equator, and 
is equal to the Arch of the Meridian 
intercepted between the Sun or Star 
and the Equator, ſo the Meridional 
Zenith-diſtance is the Arch of near- 
eſt approach of the Sun or Star to 
the Zenith; and is equal to the 
Arch of the Meridian contained be- 
. tween the Sun or Star and the Ze- 
N | nith of any Place, at the time of their 
| tranſit over the Meridian. 
Hence we are taught, how from the Declination ot the Sun or a- 
ny Star, and their Meridional Zenith-diſtance, to find the Latitude 
of the Place of Obſervation. wb 

1. If the Sun or Star have no Declination, the Meridional Zenith- 
diſtance is equal to the Latitude of the Place, which if the Sun come 
to the Meridian South of the Zenith, the Latitude is North, but if 
the Sun come to the Meridian on the North fide of the Zenith, the 
Latitude is South. 

Thus. in the former Figure, where E © repreſents the Path of 
the Sun or Star's diurnal Courſe, when they are in the Equator, 
Z PO'N the Northern Semicircle, and NS EZ the Southern, it is 
manifeſt, that Z E the diſtance of the Sun to the Southward of the 
Zenith, when he is upon the Meridian, is equal to P O the Lati- 
tude of the Place of Obſervation, and which muſt be Northerly, 
becauſe the North Pole P is elevated above the Horizon. 


Again, 
2 


In the adjacent Figure, where the 

Sun in the Equator at E, appears up- 

on the Meridian to theNorthward of 

_ theZenith, it is manifeſt, that ZE the 

Meridional Zenith-diſtance North, is 

5 equal to PO the Depreſſion of the 

North Pole, equal to S # the Eleva- 

tion of the South Pole above the Ho- 

P rizon; and conſequently the Latitude 
is Southerly. 


N For 
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For as the Latitude of the Place is the ſhorteſt diſtance between 
that Place and the Equator, it is manifeſt that when the Obſervet 
is on the Northern Side of the Equator, that then the Northern 
pole becomes viſible; and on the contrary, when he is on the South- 
ern Side of the Equator, that then the Southern Pole will become e- 
jevated above the Horizon, and become viſible, and the Northern 
Pole be as much depreſſed, and conſequently become inviſible, 

Hence it is, that at London where the Latitude is 51 deg. 32 min. 
North, that the Sun when he isin the Equator, and which happens 
on the gth of March and the 1 2th'of September, appears upon the 
Meridian at the diſtance of 5 1 deg. 32 min on the South Side of 
the Zenith, or at the Altitude of 38 deg 28 min. and which is a 
proper Time in any Place, to determine the Latitude of that Place, 
there being no Occaſion to conſider the Declination. ; 

If the Sun or Star appear in the Zenith, then the Latitude of 
the Place becomes equal to the Declination, and is the ſame way 
with it; that is, if the Sun or Star have North Declination, the 
Latitude is North ; but if- the Sun or Star have South Declination, 
then the Latitude 1s South. ** 


For in the adjacent Figure it is 
manifeſt, that when the Sun appears 
in the Zenith at Z, that ZE his di- 
ſtance from the Equator equal to his 
Declination, and in this Caſe North- 
erly, is equal to PO the height of the 
North Pole above the Horizon, e- 
qual to the Latitude North, for 20 
and PE are Quadrants. 


© But if as in the adjacent F igure the 
Sun appears in the Zenith, to the 
Southward of the Equator, it is e- 
vident, that Z E the diſtance of the 
Sun from the Equator, or his Decli- 
nation in this Caſe Southerly, is e- 
qual to S 7 the height of the South- 
ern Pole above the Horizon, equal 
to the Latitude of the Place Soutlij- 
erly, for Z Hand E are Quadrants. 
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Ik the Sun or Star appear neither in the Zenith, nor in the E- 
9 and conſequently 2 both Zenith-diſtance and Declination, 
ik cheſe are both North or both South, and the Zenith- diſtance great- 
er than the Declination, then the Exceſs of the Zenith - diſtance above 
the Declination, is equal to the Latitude of the Place ; and which 
is South if the Zenith-diſtance and Declination are North, but if 
the Zenith-diſtance and Declination are both South, the Latitude is 
North. | 
| For in the adjacent Figure, let © D 

2 repreſent a Parallel of Southern Decli- 
nation, ' whence it is evident that the 
Sun upon the Meridian at O appears 
to the Southward cf the Zenith and 
Equator, and that ZE equal to the 
Exceſs of Z ©, the Zenith-diſtance a- 
bove E© the Declination, is equal 
to PO the Latitude of the Place, and 
which is Northerly, becauſe the 
North Pole is elevated above the 
Horizon; wherefore, if upon the 1 9th 
of February, 1720, when the Sun had 
-7 deg. 24 min, South Declination, his Meridional Zenith-diſtance 
was found to be 58 deg. 56 min. Southerly, and it be required to 
-find the Latitude of the Place of Obſervation, and which way it is. 
From the Meridional Zenith-diſtance 58 zs South 

Take the Declination ———- 7 24 South 


1 


There remains the Lat. of the Place of Obſerv. 51 3 2 North 


Bur, if as in the adjacent Figure 
where the Parallel of Declination ? D 
is on the North Side of the Equator, 
and where the'Sun appears at © on 
the Northern Side of the Zenith, it is 
manifeſt, that ZE the Exceſs of the 


clination E ©, is equal to & H the 
Altitude of the South Pole above the 
Horizon, and conſequently in this 
Caſe the Latitude will be Southerly; 
wherefore if on the 8rh of July 1720, 

| when 


Zenith diſtance Z O above the De- 


5 
* * 
* : 
I. 
4 
* * 
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when the Sun's Declination was 20 deg. 56 min. North, he was 


found by Obſervation to be 72 deg, 28 min. to the Northward of 
the Zenith, and it be required to find the Latitude ot the Place of 


Obſervation, and which way it is. 4 N 
From the Meridional Zenith - diſtanc e —72 28 North 


Take the Declination 20 56 North 


There remains the Latitude of the Place — 51 32 South 


3 — — 


But when the Zenith-diſtance and Declination are equal, the La- 
titude vaniſhes ; and the Place is ſcituated under the Equator. 

For when Z © the Zenith diſt- - 
ance, and E © the Declination are 
equal, and both the ſame way, then r- 
the points E and Q coincide with 
the points Z and N, the Equator 
becomes the Prime Vertical, and the 
Poles P and S lye in the Horizon, IIS 
and conſequently the Latitude vani- 
ſhes ; and this: will happen at all 
Times and in all Places under the 
Equator, ſo that if upon the 8th of 
July 1720, when the Sun's Declina- D T 
tion was 20 deg. 56 min. North his 
Meridional Zenith-diſtance was found to be 20 deg- 56 min. N. and 
it were required to find the Latitude according to the former Law. 


From the Meridional Zenith-diſtance—— 20 56 North 
Take the Declination —ͤ —20 56 North 
There remains the Latitude of the Pace oo o 


4. If in comparing the Meridional Zenith - diſtance and Declina- 
tion together, they are found to be the ſame way, and the Decli- 
nation be greater than the Meridional Zenith-diſtance, then the 
Exceſs of the Declination above the Zenith-diftance, is equal to the 
Latitude, and which is the ſame way with the Declination and Ze- 
nith · diſtance; that is, if the Declination and Zenith-diſtance be 
North the Latitude is North, bur if the Declination is South the 
Latitude is South. ; 
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For in the adjacent Figure, where 
© D the Parallel of Northern Decli- 
nation cuts the Meridian at ©, on the 
NorthernSide of the Zenith, it is ma- 
nifeſt, that E Z the Exceſs of © E, 
the Declination, above ZO the Me- 
ridional Zenith- diſtance, is equal to 
P O the height of the Northern Pole 
above the Horizon; and conſequent- 
ly the Latitude is North. Wherefore, 


It upon the xoth of June 1721, 
when the Sun's Declination is 23 deg 
29 min. North, his Meridional Zenith-diſtance is found to be rodeg, 
24 min. on the Northern Side of the Zenith, and it be required to 
find the Latitude of the Place and which way it is. 

From the Declination ——= —————2z 29 North 
Take the Meridional Zenith-diſtance —— —- 10 24 North 


— —3 o5 Notth 


— — — — 


There remains the Latitude 


Again, in the adjacent Figure, 
where © D the Parallel of South- 
ern Declination, cuts the Meridian 
at © on the Southern Side of the E- 
quator, it 1s evident that E Z the 
Exceſs of the Declination OE, above 
the Zenith-diſtance Z ©, is equal to 
S H, the height of the Southern 
Pole above the Horizon; and con- 
ſequently the Latitude is South. 

Wherefore, | 

If upon the 10th of December 1720, 
when the Sun has 23 deg. 29 min. 
South Declination, his Meridional Zenith-diſtance was found by 
Obſervation to be 6deg- 02 min, South, and it be required to find 
the Latitude. 


Fron 


—ͤ— 


From the Sun's Declination . —23 29 South 
Take the Meridional Zenjth-diſtance 6 02 South 
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There remains the Latitude —— 17 27 South 


5. If in comparing the Meridional Zenith-diſtances of the Sun or 
Stars with their Declinations they are found to be contrary, that is, 
if one be Northand the other South, then their Sum will give the 
Latitude of the Place; and which is always the ſame way with 

the Declination, that is if the Declination be North the Latitude 
is North; but if the Declination be South the Latitude is South. 

Thus in the _— Figure 


where the Sun upon the Meridian at 2 
O appears to the Northward of the 2 


Equator E £, and to the Southward E P 
of the Zenith Z, it is evident that 
Z E equal to the Sum of Z © the x 

2 


Zenith-diſtance, and E the Declina- 0 

tion, is equal to PO the height of the HA » Wd, Sar oof 

Northern Pole above the Horizon ; D 
Q 
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and conſequently the Latitude is 

North, ſo that if upon the 10th of S 
June 1720, when the Sun has 23 deg. N 
29 min. of Northern Declination, he 

be found by Obſervation to appear upon the Meridian at the di- 
ſtance of 28 deg. 03 min. on the Southern Side of the Zenith 
and it be required to find the Latitude of the Place of Obſervation. 
| To the Meridional Zenith-diſtance —=————g » 3 South 


The Sum will be the Latitude of the Place——5 1 32 North 


—  —_ 


But if, as in the following Figure, the Sun at © appears ut h 
Meridian on the Northern Side, when his Decination E® is South 
erly, it is plain that Z E equal to the Sum of Z © the Meridional - 


Zenith-diſtance, and OE the Declination, is equal to SZ the height 
Aaa 2 * 5 "of 
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2 0 ot the Southern Pole above the 
F Horizon; and conſequently the 
Latitude is South: So that if up- 

on the 19th of February 1720, 

when the Sun has 7 degrees 24 

0 minutes South Declination, his 
0 Meridional Zenith diſtance be 
found to be 26 degrees 51 mi- 


| d nutes North, and it be required 
3 | to find the Latitude of the Place 

N of Obſervation. 
To the Meridional Zenith-diſtance—————26 51 North 
Add the Declination —ä— 7 24 South 
The Sum will be the Latitude , 34 15 South 


— — — — 


It has been ſhewn at large in the Fifth Part, that when the La- 
titude of the Place is greater than the Complement of the Declina- 
tion, and both the ſame way, that the Sun or Star will never ſet, but 
tranſit the Meridian above and below the Pole; and conſequently 
in this Caſe, if the Sun or Star tranſit the Meridian on contrary 
Sides of the Zenith, from the greateſt Meridional Zenith-diſtance 
take the leaſt, and half the Remainder will be the Complement of 
the Latitude of the Place, which is North, if the greater of the two 
given Zenith-diſtances or Declinations be North; bur South if the 
greater of the two given Zenith-diltances be South, 

| 0 Thus in the adjacent Figure, 

where © D the Parallel of Northern 
Declination, cuts the Meridian in 
the Points © and D, each of which 
are above the Horizon; it is cvi- 
dent that Z P the half of Z d thc 
Difference between Z D the greater 
Zenith- diſtance, and D 4 equal to 
Z O the leaſt, is equal to the Com- 
plement of PO, the height of the N. 
Pole above the Horizon in this Che, 
and conſequently the Latitude is 
North; ſo that if upon the 10th of 


June 
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" 
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June 1720, the Sun's Meridional Zenith-diſtance was found to be 
46 deg. 31 min- South of the Zenith, and at Twelve Hours after 
on the ſame Day, his Meridional Zenith-diſtance was found to be 
86 deg- 31 min. to the Northward of the Zenith, and it ke required 
to find the Latitude of the Place of Obſervation. 

From the greateſt Zenith-diſtance x86 31 North 


4 ö Take the leaſt Zenith diſtance ——-— — 46 31 South 
Half the Remainder — — 40 00 


equal to 20 deg: oo min. taken from go deg. oo min. will leave 
70 deg. oo min. for the Latitude —_— 
1 | Wat 
If about the point P, at the diſtance of PO the Parallel q © 
be drawn, it is evident that if to D O the leaſt Meridian Altitude, 
be added D equal to D O the Supplement ot the greateſt Meri- 
| dian Altitude © H half the Sum of thoſe two Arches U D and 7 7. 
equal to P O, will be the height of the North Pole above the Hori- 
20n; that is in the preſent Caſe, 
To the leaſt Meridian Altitude D O =——————3z 29 
Add the Supple. of the greateſt to 180=q4D 136 31 


Half that Sum — 140 oo 


Will give the Latitude of the Place . und 


But if the Declination of the Sun be ſuppoſed to be known or 


given, then by the 5th Precept. 
To the leaſt Meridional Zenith-diſtance 


46 31 South 


Add the Declination == —23 29 North 
The Sum will be the Latitude — 70 od Nomnk 


For L OAO E is equal to ZE, equal to P 0. 
T, 
To the leaſt Meridional Altitude —— ——3 29 
Add the Complement of the Declination 66 31 North 
70 oo North 


For P, D+DO, is equal to PO. Or, 


The Sum will be the Latitude of the Place 
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Or, | 
If from the greateſt Meridional Zevith-diſtance 8 
IN 
Be taken the Complement of the Declination — 66 : I RT 


The Remainder will be the Compl. of the Latit. 20 00 North 
Which therefore taken from 90 deg. oo min, will le "4 
min. for the Latitude North. P Wan ges. 20 


8 2 But if as in the adjacent Figure, 

| the greateſt Zenith-diſtance. Z D be 
Southerly, then if from ZD the great- 
eſt Zenith diſtance, ſuppoſe 89 deg. 
30 min. be taken the leaſt Zenith- 
diſtance Z ©, 43 deg. 32 min. half 


5 O 
| 
3 P 
D 0 
H the Remainder 45 deg. 58 min. equal 
Q 
| | 0 
N P 


to 22 deg. 59 min. taken from 90 
deg .00 min. will leave 67 deg. 01 
min. for the Latitude South. 


Or, 
To the leaſt Meridional Altitude ————oo 30 
Add the Supplement of the greateſt to 180 —133 32 


— — — 


Half that Sum — N 134 20 
Will be the Latitude of the Place of Obſer. — 67 ox South 
| TR: * 5 
To Z O the leaſt Zenith diſtance —— 43 32 North 


——23 29 South 


Add the Declination, ſuppoſe 


The Sum will be the Latitude of the Place — 67 ol South 


But if it happen that the Complement of the Declination, or 
diſtance of the Sun or Star from the Pole, be leſs than the Com- 
plement ot the Latitude, or diſtance of the Pole from the Zenith, 
then the Sun or Star will tranſit the Meridian above and below the 
Pole, on the ſame ſide of the Zenith: wherefore in this Caſe, if to 
the greateſt Meridional Zenith- diſtance be added the leaſt, half that 


Sum will give the Complement of Latitude of the Place, and 2 
W1 
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will be the ſame way with tht Zenith · diſtance or Declination ; that 
is, if the Zenith-diſtance and Declination are North the Latitude will 
be North, but if the Zenith-diſtance or Declination be South, the 
Latitude wili be South, 

For in the adjacent Figure, where 
© D repreſents a Parallel of North- 
ern Declination, cutting the Meri- 
dian in the Points © and D, on the 
{ame ſide with the Zenith ; it is ma- 
nifeſt, that fit to Z O the greateſt 
Zenith- diſtance, be added D d equal 
to Z O the leaſt, half the Sum of 
theſe two Arches equal to ZP, will be 
the Complement of P, the height 
of the North Pole above the Hori- 
zon, equal to the Latitude of the 
Place: wherefore, if the Bright Star 
in the Northern Crown were found by Obſervation to have 56 deg. 
08 min. 23 ſec, Meridional Zenith-diſtance to the Northward, and 
at the diſtance of Twelve Hours, the ſame Star was found to be di- 
ſtant from the Zenith but 20 deg. 47 min. 37 (ec. and it were re- 
quired to find the Latitude of the Place of Obſervation. 


To the greateſtMeridional Zenith-diſtance 66 08 23 North | 
Add the leaſt Meridional Zenith-diſtance—10 47 37 North | 


mne 


Half that Sum — ä. yðꝑ — 76 56 00 
Will give the Complement of the Latitude 38 28 oo 
Which theretore taken from — 90 00 oo 


Will leave the Latit. of the Place of Obſer 5x 32 oo North 


2 — 


Or, 

If about the Point P the Parallel 0 be drawn, it is evident that 
if to © O the greateſt Merdian Altitude, be added © equal 
to DO the leaſt Meridian Altitude, the Sum 4 O equal to twice 
PU is the Altitude of the North Pole above the Horizon; where- 
fore, in the preſent Caſe if | 


To 


36 4 Methods for determining the 
To the greateſt Meridian Altitude of the Star 79 12 23 
Be added the leaſt Meridian Altitude ——23 51 37 
— — — 
103 O04 ooN 


[4 


Half the Sum — — 


mn. 


Will be the Latit. of the Place of Obſervation 51 32 oo N. 


— — 
Or, 


If fromthe Stars Declination, ſuppoſe— — 62 19 37 N. 
Be taken the leaſt Meridian Zenith- diſtance — 10 47 37 N. 


— j —— 2 


There will remain the Latitude of the Place —51 32 ooN, 


For E ©—Z S = EZ PO. 
| Or, ME 
If to the Stars diſtance from the Pole — =—— 27 40 23 
Be added the leaſt Meridian Altitude —=23 51 37 


The Sum will be the Latitude 
| For P D+DO=P0. 


tx: 3 o 


— — 


>. But if as in the adjacent Figure, 

—T 4 where the Parallel of the Stars Dc- 

if dlination cuts the Meridian in the 
points © and D, on the South fide of 

D the Zenith, it 1s evident that if to 
II 2 O 20 the leaſt Zenith-diſtance, be 


added Z D the greateſt Zenith- di- 
ſtance, that half that Sum will give 
5p 25 the Complement of SH, the 
height of the South Pole above the 
Horizon, equal to the Latitude. 
| For ZD-+ Z ©=2Z 5; and again, 
If to HO the greateſt Meridian Altitude, be added # D the leaſt 
Meridional Altitude, half that Sum will give HS, the Altitude of 
the Southern Pole. For © THE H=2 SH. 
T, 
If from the Stars Declination be taken the leaſt Zenith - diſtance, 
27 will be the Latitude of the Place. For E @—Z © 
. 


Or, 
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Or... | 
If from the greateſt Zenith-diftance be taken the Complement of 
the Stars Declination, or its diſtance from the Pole, the Remainder 
will be the Complement of the Latitude. For Z D-D S=Z S 


to the Complement of SH. 0 
r, 


If to the leaſt Meridional Altitude, be added the Complement of 
the Stars Declination, or its diſtance from the Pole, the Sum will 
be the Latitude. For HD +D S=SH the height of the South 
Pole, or Latitude of the Place Southerly. 

By comparing the ſeveral preceding Rules together, it appears, 
chat if in comparing the Zenith-diſtance and Declination together 
they are found to be the ſame, that is, both North or both South, 
that then their Sum will be the Latitude of the Place; but it they 
are of a contrary Denomination, that 1s, if one be North and the 
other South, then their Difference or the Exceſs of the greater above 
the leſſer will give the Latitude, and to find whether the Latitude 
be North or South, take this General Rule, the Reaſon of which 
is evident from the preceding Examples. 

Having drawn a Circle to repreſent the Meridian, the Horizon 
HO, and the Prime Vertical ZN as in the ſeveral preceeding Figures, 

1. Set off the Meridional Zenith-diſtancE from the Zenith Z on 
the Right- hand, if it be Northerly, but on the Left-hand if it be 
Southerly to O, this will give the Place of the Sun or Star; and 

2. From this point O ſet off the Declination the contrary way to 
its Title, that is, towards the Left-hand if it be North, but towards 
the Right-hand if it be South; and it will give the Eaſtern point of 
the Equator E 

3. From the point Eſet off go deg, oc min, or a Quadrant, to- 
wards the Right-hand, and it gives the Place of the North Pole P. 

r, | 
Having found tlie Place of the Sun or Star ©. 

1. Set off the diſtance of the Sun or Star from the North Pole, 
that is, the Complement of the Declination of the Sun or Star, if 
the Declination be North, but the Declination increaſed by go deg. 
oo min. if it be South, fr.m the point © towards the Right-hand, 
and it gives at once the Place of the North Pole P. 


Or, 
Having drawn the Meridian Z O NAH, and taken the point © at 


picaſure. | 8 
Bb * 1, From 


. 
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1. From the point © ſet off the Complement of the Sun's Meri- 
dional Zenith-diſtance, or Meridional Altitude, downwards towards 
the Right-hand, if the Zenith-diſtance be Northerly, to O, and it 
will give the North point © of the Horizon HO, bur if the Zen- 
ith diſtance be Southerly, ſet off irs Complement or the Meridional 
Altitude downwards towards the Left-hand, and it will give the 8. 

Point of the Horizon H. 
2. From the ſame point O, fer off the diſtance of the Sun or Star 
from the North Pole towards the Right-hand, and it will give the 
Place of the North Pole P. 

Nov it in either of theſe Cafes the North Pole be elevated above 
the Horizon, the Latitude is North, but if it be deprefled below 
the Horizon, and conſequently the South Pole be elevated on the 
contrary Side, the Latitude is South. 

And the ſame Conſequences will follow, if the diſtance of the 
Sun or Star be counted from the South Pole; and if inſtead of lay- 
ing off the Polar Diſtance towards the R ight-hand it be laid off 
towards the Left-hand. | 

From a General View of the ſeveral Figures, the intelligent Reader 
will eaſily perceive that there may be other Methods deduced for 
finding whether the Latitude be North or South, but theſe are the 
readieſt for Practice; and indeed this way of pronouncing the Deno- 
mination of Latitude is ſo very natural and eafy, that after the Prac- 
titioner has been a little accuſtomed to it, he will readily form a 
juſt Idea of it in his Mind, and determine which way the Latitude 
is, without being at the Expence of drawing a Figure. 

The laſt Method of determining the Latitudes of Places, by the 
Meridional Heights of the Sun or Stars, obſerved above and below 
the Pole, but more particularly by the Stars, is vaſtly preferable to 
any Method that I know of; inaſmuch as it requires no Theory of 
the Sun to be known or given, nor no Declination of the Stars dedu- 
ced from Calculation, grounded upon Obſervation firſt, but only 
the ſimple Alritudes taken by Obſervation with a good Quadrant 
and proper Allowances to be made for the Refraction, and how that 
is to be accounted for will be ſhewn in the Sequel of this Section 
And it the Latitude of the Place be conſiderable, even this alone 
will in a manner vaniſh, as will appear hereafter; and it has this 
farther Advantage, that if the Stars obſerved lye near the Pole, the 
Altitudes increafe and decreaſe fo flowly, that if they are taken at 
ſome ſmall diſtance from the Meridian, the Error will be incon- 
ſiderable. | | It 
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It is found by Experiment, and confirmed by daily Experience» 
that a Ray of Light iſſuing out from a luminous Body, and falling 
upon any Medium or Diaphanous Body, ſuch as Glaſs, Water, Cc. 
& a different denſity from that from whence it firſt proceeded, that 
it does not go directly in the ſame ſtrait Line, but is broken or bend- 
ed, and propagated, as if it had proceeded from another Point than 
it really did; and it the Medium upon which the Ray falls, be denſer 
than that in which it moved in before, it will be bent inwards to- 

wards a Line perpendicular to the Surface upon which it fell, at the 
point of Incidence; but if the Medium upon which the Ray falls be 
Rarer, in its paſſage thro' it, it will recede from theſame Perpendicu- 
lar : And in order to determine the Law that it obſerves in its Paſ- 
ſage thro the two different Mediums, it is neceſſary to obſerve, that as 
Nature takes the ſhorteſt way to accompliſh its Ends, ſo a Ray of 
Light in paſſing from one point to another thro* different Medi- 
ums, pertorms it in the ſhorteſt time poſſible ; this is an undoubted 
Truth, and this being premiſed, ; 

Let it be required to find the Point P in the Right-line M D, lying 
in the ſame Plane with the points R and 4, that a Ray of Light in 
going from R to P with a given velocity v, and from P to A with a 
given velocity c, ſhall travel from R, by. P to A, in. the ſhorteſt time. 

From the points R and | | 
A upon the Line MD, let | 
fall the Perpendiculars RS R C 
and A E, and let R Sa, : 1 : 
AE=b, S Ea, and SP | 
=>x, then will PE=d—x, 


R=] Lux and AE= : p B 
dd 2dx xx, M- 5 1 «D 
| LY - 


But by the known Laws l 
of Motion, if a Body 1 

move from R to P with | 

the velocity 'v, and from i \ 

P to A with the velocity — F A 4 

c, if _ velocities are | 

equal, then the times will be as the Spaces deſcri DA . 

and if the ſpaces R P and P A are eq — and the — — ; 

the times will be reciprocally, as the velocitys : wherefore it the 

ſpaces deſcribed, and the yelocitys are both unequal, then the Sy a 
90d 27 ; will 
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will be in a Ratio compounded of the direct Ratia 
and the Reciprocal Ratio of the nies — rt ma = 
time that a Ray of Light will take to move from R — P wich a 


dab Rica Maatxx, : 
a V, ics be Fenced by — and the time that the 
fame Ray of Light will take in moving from P to A with the vel aid. 


ty c, will be repreſented by tt —— == and conſequently 


* 


their Sum- Lad. + , or Fer wy 
8 4 0 ö 
/bb+dd—2dx+xx, will repreſent the ſhorteſt ti 
* ee time that a Ray of 
Light will require to move from R b 4 ay 0 
ive velocitys v and c. y to A, wah the reſpect- 
Wherefore, —<=Z —2dvx-+ 20% 


2Vaa + xx 24/16 T- zd Ir and conſequently 


cx Adu vu 8 1 
PR 5 by dividing by 2, expunging x, and ſubſtitu- 
ting PR and PA in the room of Va , and V +dd—24dx-+ xx 
LT cx Adv— 
their Equals. Wherefore, >= T— | 
Let us ſuppoſe P R equal to PA, for the Refra&ioh will be the 
ſame in the point P, whether the Ray P A be longer or ſhorter; 
then will cx=dv—vx; and conſequently, v. c:: x 2d—x; that 
is, as SP to PE, 

Now if PR equal to PA be conſidered as the Radius of a Circle, 
SP will be the Sine of the Angle SAP, equal to the Angle RPC, 
the Angle of Incidence, and PE equal to 54 the Sine of the Re- 
fracted Angle BPA; whence it follows, that the Sines of the An- 
gles of Incidence and Refraction, are directly as the velocitys v and 
c of the Ray, in its paſlage thro' the different Mediums. 

And becauſe the velocitys of Bodys moving thro” different Medi- 
ums arc reciprocally Proportional to the denſitys of the reſpectixe 
Mediums, it follows, that the Sines of the Angles of Incidence and 

'\Refra&tion'of a Ray of Light, paſſing thro' different Mediums, are 
reciprocally Proportional to the Denſitys of thoſe Mediums; and this 
is the Fundamental Law upon which all the Science of Dioptrics 


depends. 
| | In 
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In the adjacent Figure, 
jet R E repreſent a Qua- g 
drant of a Vertical Circle 5 
in the Heavens, OB a | 7 
Quadrant of the 'Earth's | — | 
Sur face, and Z AH a b 4. | 
aadrant of the Surface a _ 1 
F the Atmoſphere encom- R Ce — 
0 


paſſing rhe Earth, all de- 
{cribed about C their com- D - , 
mon Center, and the Cen- | , 
ter of the Earth, and let | W 
R repreſent any luminous ; 
Body, trom which pro- 
ceeds a Ray of Light RA, 
falling upon the Surface of E — 
the Atmoſphere in the H B -C 
point A; now ſince this Ray in its progreſs from R to 4, travels 
thro* anEtherial Matter, inſinitely finer than our Air, or rather thro' 
a Vacuum, when it falls upon our Atmoſphere in the point A which 
is denſe in compariſon of the former; it will be refra&ed towards 
the Line C4, perpendicular to the point of Incidence A, and in- 
ſtead of going on to d, which it would have done had it ſtill gon on 
in its former Medium, it will move thro? the Path A O, And to the 
Obſerver placed in the point O, will appear as if it came from the 
point v, (fince all the Objects are ſeen and judged to proceed in that 
Line, according to whoſe Directions the Ray that enters the Eye 
ſtrikes upon the Senſorium) nearer the Zenith than really it is, or 
higher by the Quantity of the Arch Rx. | 
And inaſmuch as our Atmoſphere is nor only infinitely denſer than 
that fine Etherial Matter, it any there be, that is contained between 
us and the fixed Stars, but being an Elaſtic Fluid, its lower parts be- 
ing preſſed upon by the upper they become denſer, and this happen- 
ing in every part. of the Atmoſphere, from the uppermoſt Surface 
to the lowermoſt, or that which is contiguons to the Surface of the 
Earth, it follows, that every infinitely ſmall Surface of the Atmo- 
ſpere is denſer than that that circumſcribes it, but rarer than that 
that it circumſcribes ; whence it comes tolpaſs that a Ray of Light 
in its paſſage thro' the Atmoſphere, meets with a different Reſiſtance 
in every point of it, and conſequently inſtead of proceeding in the 
| ſtrait 


' \ 


- —— — 
6ͤ— — — — 
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ſtrait Line 4 0, it is bent into the Curve Line a O, and will appear 
to the Spectatator placed in O, as if it had proceeded all along in 
the Line » 40 or Tangent to the Curve in the point of Incidence 
O; and hence it is that the Sun and Moon when in direct Oppoſi- 
tion, and when one is above and the other really below the Horizon, 
may be ſeen both at once above the Horizon; for+»the Rays of Lighr 
by falling upon our Atmoſphere are retracted and bent inwards, and 
conſequently the Bodys made to appear in different places than 
- where they really are; by having the Directions of their Rays chan- 
ged and their Light propogated in different Lines, than it would 
have otherwiſe gon in, 
And this is the Reaſon why when one End of a Stick is plunged 
in the Water and the other part is in the Air, that it appears broken; 
inalmuch as that part which is in the Water appears higher than 
really it is; and that if S La D (See the Figure in Page the 367) 
be a Veſſel full of Water, that a piece of Money, or any Object 
placed in the point A, ſhall appear to the Eye of the Spectator ſci- 
tuated at the point R, as it it were placed in the point a; and that 
for the ſame reaſon the whole Body of the Sua does juſt appear above 
our Horizon, when his upper Limb is really below, and he ought 
totally to diſappear. 

The only certain and practical Way to find the true Quanti- 

ty of the Refraction, is by obſerving the Altitude of a fixed Star 
whoſe place in the Heavens is known ; for having tle Latitude of 
the Place of Obſervation, the true Declination cf a Star, or its 
diſtance from the Pole, and the true time of the Day, which may 
be obtained ſeveral ways, we may find after the manner taught in 
the 5th Section of the 2d Volume, the true Altitude of the Star at 
that time, and this taken from the Altitude obtained by Obſervati- 
on, will leave the true Quantity of Refraction at that height. 

When the Sun or Star is in the Zenith the Refraction ceaſes, for 

'the Ray that proceeds from the luminous Body, to the Center of 
the Earth, coincides with the Perpendicular to the point of Incidence, 
but the farther off the Sun or Star is from the Zenith, the more o- 
'bliquely does the Ray fall upon the Surface of the Air, and ſo 
much the greater is the Refraction; and conſequently at the Hori- 
zon it is the greateſt of all; and at London it is found to be 33 min. oo 
Sec. and at all intermediate diſtances from the Zenich it is found to 
be as in the following Table deduced from the Hamſteedian Obſer- 
-vations, made at the Royal Obſervatory at Greenwich. na 
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| A Table of Refractions, ſhewing how much 
muſt be added to the Zenith-diſtance obſer- | 
ved by the Quadrant, in order to find the | 
true Zentth-diſtance. 
; | 1 —— ů —»„ — 
N ; N 
2 | 2 [3 2 [E| = |5| = | 
EEE F e 
=D T [= 2 JS} 2 2 
E | 8 |E| 8 [S5| 8 |8| $ 
8 8 9 h 8 . 15 * 
D NM. 8 D M. 8 D M. 8 D M. 8 N 
90 [33 080] 4 33651 4550 © 58 
— — — | 
89 26 3879] 4 06]64| 1 4049] 0 56 
8g |23 2278 3 45631 36]48] 0 54 
88 3 1209 1777] 3 29162 1 3147] © 52 
88 117 26|76) 3 1361 [ 27146] o 50 
87 215 15753 ooo 2345 o 48 
— — 9 — — — "2 
87 [13 2374] 2 4859 1 2044 o 46 
86 41 33730 2 38580 1 17]43] 0 4 
86 10 3972] 2 2957 1 1442 0 44 
185 2 9 3887] 2 2156] 1 1141] o 42 
my 8 4870] 2 14455 1 9140 0 40 
84 | 7 2669 2 0% 54 1 0735 o 344 
83 4 2 68 2 01531 5200 29 
82 5 37671 55152 1 02 20[ o 19} 
81 5 02661 Foſs5l] 0010] o og | 
8 4 33165] 1 45150] © 58Joof © oo f* 
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So that by this Table it appears, that if the apparent Zenith. 
diſtance be 75 deg. oo min. the true Zenith-diſtance is 75 deg. 0; 
min. equal to 7 deg. oo min. o min. oofſec- the Refraction; and 
on the contrary, it the apparent Altitude be 15 deg. oo min. the true 
Alticude is 14 deg. 57 min. equal to the true, leſſened by the Refrac. 
tion 3 min. oo ſec. in like manner, if the viſible diſtance of the Sun 
from the Zenith be 61 deg- 30 min. 10 ſec. the real diſtance is 61deg. 
31 min. 39 ſec. equa! to 61 deg. 30 min. 10 ſec. of min. 29 ſec. 
and on the contrary, the viſible Altitude being 28 deg, 29 min. 50 
ſec. the real Altitude will be but 28 deg. 28 min. 21 ſec. equal o 28 
deg. 29 min. 5o ſec.— 1 min. 29 ſec. 

And altho' the Refractions are greater in Minter than in Summer, 
and in the Morning than the Evening, and at greater diſtances from 
the Equator either to the Northward or Southward, than they are 
at nearer diſtances; occaſioned by the different denſitys of the Air, 
ariſing from the different Degrees of Heat and Cold; yet this Dif- 
ference is ſo ſmall in the ſame Place, as that it may be ſafely re- 
jected; and the Allowancnces here made, will ſerve for all Places 
within 60 deg, of Latitude, but at greater diſtances the Cold is ſo 
intenſe, that the Horizontal Refractions are very conſiderably aug- 
mented, as has been taken Notice of elſewhere. 

Tis upon the Account of the Refraction, that the dun and Moon 
when near the Horizon appear of an Eliptic Form, inaſmuch as their 
upper Limbs are leſs refracted than their lower Limbs, and conſe, 
quently appear nearer to each other than they would otherwiſe do; 
while the two Extremitys of the Horizontal Diameters being equally 
refracted, keep at the ſame diſtance from each other, and the ap- 
parent Diameter remains the ſame; and tis upon the ſame Account 
that we can look upon the Sun's Body without danger of hurting 
our Sight when he is near the Horizon, ſince great part of his Rays 
by paſſing thro'a much greater Quantity of Air, than when he is 
conſiderably elevated are reflected and ſent another way, and the 
Force of the reſt very much weakened, by the Reſiſtance that they 
meet wit" from ſo great a Body of Air, as they are obliged to pals 

thro', and the Number of Heterogeneous Particles that float in it. 
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Section XVI. 


Containing an Account of the ſeveral Methods hitherts 
known, for finding the Difference of Longitude. 


ND here I ſhall take no Notice of the ſeveral whimſical 
Methods propoſed, ſince the paſſing of the Bil tor giving 
2 Reward for the Diſcovery of the Longitude, which I look upon 
as ſo many Effe&s of diſtempered Brains; but of ſuch Methods 
only, as have been approved of by the beſt Mathemaricians of all 
Times, which are demonſtrably true ; and which have often been 
put in practice with good Succeſs. | 
It has been ſhewn in the 3d Caſe of the Second Section, how from 
the Latitude of the Place the Ship departed from, the Courſe upon 
which ſhe ſailed, and the Diſtance upon that Courſe, to find at all 
times the Latitude of the Place the Ship is in, and how much ſhe 
has altered her Longitude : this it the Courſe and Diſtance could 
be depended upon, would infallibly give the true Place of the Ship 
at all times; but the many Accidents that contribure to viciate 
both the Courſe and Diſtance render the deductions from ic ſo un- 
certain, 82 no poſitive or certain Concluſions can be drawn from 
it. And, : | 
The only ſure Help that our Samen have at preſent, and by 
which they Correct and Mend their Journals, being the Latitude of 
the Place they are in, deduced from Obſervations made of the Al- 
titude of the Sun and Fixed Stars, when they can be ſeen, after the 
manner taught in the former Section and elſewhere; and which is of 
vaſt Aſſiſtance to them. A Way of finding out the Alteration of 
Longitude made to the ſame Degree of Exactneſs as the Latitude 
can be determined, is the only Thing wanting, to render the Sci- 
ence of Navigation compleat ; and what Aſſiſtance the Heavens af- 
ford them for the obtaining;ot this, to what degree of Exactneſs it 
may be done, and what are the chief Impediments that render it not 
quite ſo practicable as the Methods for finding the Latitude are, 


ſhall be the principal Buſineſs of this Section. 
| Cee Every 
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Every one who is but moderately skill'd in theſe Things, knoys 
that the Difference of Longitude between any two Places, is equal 


to the Arch of the Equator, intercepted between the two Meridian 


paſſing thro* the two Places; and that this is analogous to the quan- 
rity of Time, that the Sun requires to move from the Merid. of one 
Place to that of another; or in the Language of the Copernicans, that is 
elapſed between che Application of the Meridian of one ot the Places to 
the Sun, and the Meridian of the other; for ſince the Sun finiſhes his 
Diurnal Revolution in the Space of Twenty-four Hours, or which 
is the ſame Thing, ſince the Revolution of the Earth about her own 
Axis is performed in the ſame time ; it follows, that in every Hour 
there paſſes over the Meridian one Twenty-fourth part of 360 De- 
grees, or of the whole Circumference of the Equator equal to 15 De- 
grees, in 2 Hours one Twelfth part or 3o Degrees, and in any 
greater or leſſer part of Time a proportional greater or lefler part of 
the Equator; whence it comes to paſs, that if the Difference of 
Longitude, or Arch of the Equator intercepted between the Meri- 
dian's paſſing thro* any two Places be known, the Difference of the 
Times of the Day in thoſe two Places is known alſo ; and conſe- 
quently the Hour in one Place being known, the Hour in the other 
Place is known alſo; and vice verſa, if the Difference between the 
Times at any two Places be known, the Diflerence of Longitude be- 
tween thoſe two Places is known alſo, by reducing the Difference of 
the Times into Degrees and Minutes, allowing 15 Degrees to an 
Hour, Ce. | 

Hence it is, that if two or more Places lye under the ſame Me- 
ridian, that the Hour in one will be the ſame with the Hour in the 
other; and on the contrary, if in two or more Places the Hour be 
the ſame, thoſe Places lye under the ſame Meridian. 

And becauſe the Sun in all Places conſtantly riſes in the Eaſt, he 
muſt neceſſarily apply himſelf tothe Meridian of the Eaſtermoſt Place 
firſt, and conſequently in that Place which lies to the Eaſtermoſt 
the Noon happens ſooneſt ; and the Hour of the Day or diſtance of 


the Sun from the Meridian at any other Time muſt be greateſt : 


Thus, for Example, becauſe London lyes 58 deg. 15 min. equal in Time 
to 3 h. 53 m to the Eaſtward of Barbadoes, when the Sun is upon 
the Meridian of London he is 3 h. 53 m. ſhort of the Meridian of 
Barbadoes, that is when it is 12 ot the Clock at London it is but 7 m. 
after Eight in the Foren oon at Barbadoes ; and on the contrary, be- 


cauſe Barbagoes lyes 58 deg- 15 min. or 3 h. 53 m. to the Ta: 
| war 
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ward of London when the Sun is upon the Meridian of Ba badoes, 
he is 3 h 53 m-. paſt the Meridian of London; that is, when it 
is 12 of the Clock at Barbadoes, it is 3 of the Clock and 53 min. in 


the Afternoon at London. 

Whence it appears, that if by any Contrivance whatſoever, the 
Hour of the Day at the ſame point of abſolute Time in two diffe- 
rent Places can be obtained, the Difference of Longitude between 
thoſe Places is known alſo; and by comparing the Times together, 
it is eaſy to pronounce which Place of the two lyes to the Eaſtward 

or Weſtward of the other. 3 

Wherefore, if two or more Perſons can view the ſame Appear- 
ance at two or more Places, and pronounce the Time at each Place 
when ſuch Appearance was viſible, or if the time when any notable 
Appearance ſhall happen at any Place be predicted, ard the Time 
when that Appearance was viſible at any other Place was determi- 
ned, theſe Times being compared together, will give the Difference 
of Meridians, or Difference of Longitude between the two Places. 

Now ſince an Eclipſe of the Moon proceeds from nothing elſe but 
an interpoſition of the Earth, between her and the Sun, by which 
Means ſhe is prevented from refle&ing the Light ſhe receives from 
the Sun, the Moment that any part of her Body begins to be depri- 
ved of the Solar Rays, it is viſible to all thoſe People who can ſee 
her at the ſame time; whence if two or more different People, at 
two or more different Places, obſerve the times when it firſt began 
or ended, or note the time when any Number of Digits was eclip- 
led, or when the Shadow begins to cover or quit any remarkable 
Spot, the Difference of thoſe Times (if there be any) when compa- 
red together, will give the Difference of Longitude between the Pla- 
ces of Obſervation : And of theſe we have various Inſtances, on the 
2157 of December 1675, at'16 h. om. 15 ſ. Mr. Hamſteed at the 
Royal Obſervatory at Greenwich, obſerved the End of a Lunar Eclipſe ; 
and Mr. Caſſini obſerved that the End of the ſame Eclipſe happened 
at the Royal Obſervatrry at Paris at 16 h. 15 m. 25 ſ. whence the 
Difference of Times between the two Places of Obſervation is 8 m. 
10 ſ. equal to 02 deg. o min. 30 ſec. Whence it follows, that ſince 
the Sun was removed farther off from the Meridian of Paris than it 
was from the Meridian of Greenwich ; or which is the ſame thing, 
ſince it happened later ar Paris than it did at Greenwich, it follows, 
that Haris lyes to the Eaſtward of Greenwich 2 deg. 2 min. 30 ſec. 
and ſo much is the Difference of Longitnde between thoſe two Pla- 
ces. Again, Cee 27 On 
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On the 11th of February 1681, Mr. Flamſteed obſerved at Green 
wich the Beginning of a Lunar Eclipſe to happen at 9 h. 12 m. the 
Beginning of the ſame Eclipſe was obſerved at Lisbon in Portugal to 
happen at 8 h. 31 m. P. M. whence the Difference of Meridians 

or Ditterence of Longitude between Greenwich and Lisbon is 4 min. 
of Time, anſwering to 10 deg. 22 min. 2, Lisbon lying ſo much to 
the Weſtward of Greenuich. Now by comparing the Difference of 
Longitude between Paris and Greenwich, and between Greenwich and 
Lisbou together, may the Difference ot Longitude between Paris and 
Lisbon be determined. | 

Greenwich lyes to the Weſtward of Paris 2 deg. 2 min. zo ec. 
and Li. bon lyes to the Weſtward of Greenwich 10 deg. 22 win, 30 
ſec. wheretore Paris lyes to the Eaſtward of Lisbon 12 deg. 25 min. 
oo ſec. And I my ſelf on the 11th of December 1704, at the Royal 
Exchange in London, (it being a little cloudy) obſerved as near-as 
poſlib'e, that the Moon began to be eclipſed at about 41h, 31 m 
in the Morning, and the Beginning of the ſame Eclipſc was obſerved 
at Beſton in New- England by Mr. Brattle, to happen at 49 min. after 

Eleven, whence the Difference of Longitude between London and 
Boſton, by this Obſervation is 4 h. 2 min. 3, equal to 70 deg. 37min, 

Again, as near as I could judge, it being forthe moſt part cloudy, 
the End of the ſame Eclipſe happened at London about 5 h. 37m. , 
and this was likewiſe obſerved to happen at Boſton exactly at 54 win 
after Twelve, whence by comparing theſe twoObſerrations together, 
it appears that the Difference of Longitude amounts to 4 h. 43 m., 
or 72 deg. 52 min. and by taking the Means between them, it will 
be found that the Difference of Longitude between London and Buſ- 
ton is 4 h. 43 m. or 70 deg. 45 min. Beſten lying ſo much to the 
Weſtward of London. | 

One Reaſon of the Difference between.the Beginning and End was 
occaſioned by the badneſs of the Weather at London, it being ſo 
cloudy for the moſt part, that no Body beſides my ſelf ſaw it in or 
near London, however as the ſame Difference of Longitude has ſince 
been found by comparing other Obſeryations together, there is no 
room left to doubt of the truth of it 

The Longitudes of Places may alſo be determined from the Ob- 

ſerrations of Solar Eclipſes, but theſe being incumbered with the 
Conſiderations of Parallaxes, are not near ſo apt nor commodious 
as thoſe of Lunar Eclipſes are; and each of theſe at the beſt 
happening but rarely, another excellent Expedient has been thought 
cf, and that 1s the Eclipſes of Jupiters Satellites, Jupi- 
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Jupiter has been found to have four Satellites or Moons conſtantlyß 

attending him, always obſerving the ſame Laus in moving round a+ 
bout him, the firſt or neareſt ro his Body finiſhes his Revolution a- 
bout him, in the Space of 1 Day 18 hours 28 Minutes, at the diſ- 
tance of 5. 58 Semi-diamcters of Jupiter from- his Center; the 
ſecond in 3 Days 13 Hours 17 Minutes, at the diſtance of 8.87 
Semi-diameters ; the third in 7 Days 3 Hours 59 Minutes, at the 
diſtance of 14. 16 Semi-diameters ; and the fourth in 16 Days 18 
Hours 5 Minutes, at the diſtance of 24. 90 Semi-diameters. 

Now it having been found, that neither Jupiter nor any of his 
Attendants have any native Light of their own, but ſhine with a 
borrowed Light from the San, ir happens that each of theſe in every 
Revolution about jupiter, ſuffer two Eclipſes, one at their Entrance 
into the Shadow, the other at the Entrance ol their Paſlage behind. 
his Body, whence it comes to paſs that in each Revolution of the 
Satellite, there are four remarkable Appearances by the Obſervati- 
on of any one of which the Buſineſs may be done, viz. one at the 
Entrance into the Shadow, and one at the Emerſion out of it, one 
at che Entrance behind the Body, and another at the coming out, 
but the latter of theſe, viz. the Ingreſs and Egreſs ot the Satellite, 
into and from under the Body, is not ſu much regarded by Aſtrono- 
mers as the Immerſion and Emerſion into and out of the Shadow, 
becauſe in the former, the difficulty of pronouncing the exact 
Time is very great, it requiring in each Obſerver, Eyes equally goad 
and ſtrong, and Teleſcopes equally large, but the Obſervation of the 
former of theſe wiz. the Immerſion into, and. Emerſion out ot 
the Shadow, is eaſy and practicable, becauſe the ſwift Motion of the 
Satellites plunge them ſo quick into the Shadow of Jupiter, that it is 
no difficult matter to pronounce with any Teleſcope, by which they 
may be ſecn, the exact time of their Immerſion and Emerſion, as a- 
ny one may ſoon be ſatisfied if he will but try the Experiment. 

Now inaſmuch as each of theſe happen at the ſame Moment of 
abſolute Time, if two or more Perſons in different Places, note the 
Times of Obſervation, theſe when compared together, will give the 
Difference of Longitude between the two Places of Obſervation. 
Amongſt the many Obſervations that have been made, by which 
the Longitudes of many Places have been determined, I have extracted 
the following out of Philaſ. Tranſat. No. 177. Anno 1680 Oclober 
the 23d Old Stile. Sgnior Joſeph Pouthea and Marco Antonio Cello 
obſerved the Total Immerſion of the brit Satellite into the Shadow of 


Jupi- 


erben, 
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Jupiter at Rome, at 10 h. 7 m. 53. P. M. which Immerſion Was 


allo obſerved by Mr. Flamſteed, at the Royal Obſervatory at Grey. 
wich, to happen at 9 h. 15 m. 41 ſ. whence the Difference ot Me- 
ridians betwixt Rome and Ereenuich is 52 min. 12 ſec. in Time, ay. 
ſwering to 13 deg- 03 min. Rome lying ſo much to the Eaſt wat of 
Greenwich. 

In this Inſtance we have ſuppoſed the ſame Obſervation to be 
made by two different Perfons at the ſame Time, but the Motions, 
of rhe Satellites being truly ſertled, there is need only of a Catalogue 
of the Eclipſes to be publiſhed for the Meridian of any one Place 
ard the Obſervations made in different Places, compared with the 
Times ſer down in the Catalogue, will give the Difference of Lon- 
gitude between the Place of Obſervation, and the Place for which 
the Catalogue is Calculated. 

And as an Inſtance of the exactneſs of the Tables for the firſt da- 
tellite, I need only mention an Obſervation of Signior Francis Blay. 
chini made at Rome in the Year 1685, when on the 28% of Januar) 
he obſerved the total Immerfion of the firſt Satellite at 11 h. 19 m., 
which by the Tables happened at Greenwich at 10 h. 27 m. 3, 
whence the Difference of Meridians between Rome and Greenwich is 
52 min. 2, anlwering to 13 deg. o/ min. ? agreeing very well with 
the former Deductions 

When we confider the great Number of theſe Eclipſes that happen 
every Year, there being more viſible in one Year than there are Days 
in it, and conſequently but few Nights when Jupiter may be ſeen, 
and which is near Eleven Months of the Year, but that an Eclipſe 
of one or other happens, and ſometimes two or three in 2 
Night; the eaſineſs with which they may be made, there requiring 
only a Teleſcope of eight or ten Foot in Length, which may be al- 
moſt managed with the Hand ; and the little likelihood there is of 
miſſing the times of Ingreſs or Egreſs, they being in a manner Mo- 
mentaneovs : And laſtly, the great exactneſs to which they would 
give the Difference of Longitude, it being certainly as exact as the 
Latitude at preſent can be taken; it is much to be wondered at, that 
the more skilful Part of our Samen have ſo long neglected them, 
and eſpecially in the ſeveral Ports into which they Sail. 

Beſides theſe, there is another Method equally Uſeful, Expedi- 
tions, and Certain, and that is the Appulſes of the Moon to certain 
Fixea Stars, ard theirOccultarions by the interpofition of her Body, 
tor the Moon finiſhing her Revolution in the ſpace of 27 Days 7 
Hours 43 Min, 
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43 Minutes there are but few clear Nights, when the Moon does not 
paſs over or ſo near to ſome Fixed Star, that their diſtance from it, or 


the time of her vifible Conjunction with it may be eaſily obſerved by 
the Teleſcope and Micrometer only, and theſe when compared together, 
or with the viſible Time compared to the Meridian of ſome Place 
when a good Theory of the Moon ſhall be obtained, will ſhew the 
Difference of Longitude of thoſe Places; an Inſtance of the Uſe of 
this Method we have in the determination of the Difference of Lon- 
gitude between London and Ballaſore in India, as follows. 

On the 28th of October 1680, at 8 h. 6 m. an Immerſion of the 
Bulls Eye was obſerved at London, when the true Place of the Moon 
corrected by Parallax was Gemini 4 deg. 32 min. 24 ſec. but at 
Ballaſore Road (in the Latitude of 21 deg. 20 min. North, and 
about 2o Miles Eaſt South Eaſt from the 75 ) the true Place of 
the Moon was Gemini 5 deg. 54 min. that is x deg. 21 min. 36 ſec. 
more than at 8 h. 6 m. at London; now according to the Moons ve- 
locity at that Time, ſhe paſſeth an Arch of x deg. 21min. 36 ſec. 
in 2 h. 8 m- 4of. of Time, ſo then at 10 h. 14 m. 40 ſec. at Lon- 
don, the Moon was in the ſame Place as at 16 h. oom. at Ballaſore- 
Road, whence the Difference of Longitude will be 5 h. 45 m. 20 f. 
anſwering to 86 deg. 20 min. Ba/laſo-e-Road being ſo much to the 
Eaſtward of London. 

Again, on the 22d of December 1680, the Immerſion of the Bulls 
Eye was found by Calculation to be at 14 h. 49m. at Hallaſore, the 
Moon's true Place was Gemini 6 deg. 30 min. zo ſec. and at 7h. 
46 m. 12 ſ. the correct Time of the Immerſion at Dantzicł the true 
Place of the Modn was Gemini 4 deg. 55 m. 11 fl that is 1 deg. 35 
min. 20 ſec. ſhort of the Place deduced from the Obſervation made 
ac Ballaſore- Road, which anſwers in Time to 2 deg. 3 2 min. 40 ſec. 
whence it follows, that 10 h. 18 m. 52 f. at Dautzicł, makes 14 h. 
49 m. at Ballaſore Road, and conſequently the Difference of Lon- 
gitude between Dantzick and Ballaſere-Road will be 4 h. 3om 8 f. 
equal to 67 deg. 32 min. Ballaſore- Road lying ſo much to the Eaſt- 


ward of Dantzick. 
Dantzicklyes 1 h 15 m. 30 ſ. more Eaſterly than London, where- 


fore Ballaſore-Road by this Obſervation, lyes o5 h. 45 m. 38 f. e- 
qual to 86 deg. 24 min. to the Eaſtward of London, agreeing within 
min. of the former Deduction, which in that Diſtance is nothing. 

For a farther Confirmation hereof, Mr. Benjamin Harris being a- 


ſhoar at Ballaſore- Town, he obſerved with very great Care and Ex- 
actneſs, 
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actneſs, on November the 18th, 1680, that at 9 h. 13 m. the Star 
which Tycho Brahe calls in Cotyla dextra Aquarij duarum pracedey; 
(and which was then in Aquarius 28 deg: 52 min. having 02 des 
46 min. North Latitude) was in a Right-line with the Cuſp of 
the Moon, the being then near the firſt Quarter, the Moon's Place 
at that Time by the Horroccian Theory, viz- at zh. 53m. at London, is 
found Aquarius 29 deg. 22 min. ro ſec. but at Ballaſore her Place 
was in Aquarius 29 dcg. 41 min. 17 ſec. that is 19 min. oy ſec. 
more than at London; which in Time gives 36 min. ſo that 3h, 29m. 
at London was h. 13m. at Ballaſore - Town, whence the Difference of 
Longitude is 5 h. 44 m. or 86 deg. oo min. agreeing exactly with 
the firſt Deduction. 

The ſame may be done from the Obſervations of the Immerſions 
or Emerſions of any of the Planets from behind the Body of the Sun 
or Moon, as Monſieur Caſſini pronounced the Difference of Longi- 
tude between Canton in China and Paris to be 7 h. 32 m equal to 
110 deg. 45 min. from an Emerſion of Mercury from the Dick of 
the Sun, obſerved at Canton and Noremberg; and an Eclipſe of the 
Moon obſerved at Noremberg and Paris, and tho' theſe latter fort 
happen but rarely, yet when they do they contribute their Aſſiſtance. 

In like manner, from an Obſervation of the Occultation of Mars 
by the Moon, the 21/ of Auguft 1676, oblerved at Dantzich and 
Greenwich, the Difference of Meridians between Greenwich and Dant- 
zick was {ound ro be 1 h. 14m 49 ſ. in Time, anſwering to 18 
deg. 41 min. 15 ſec. 

In finding the Difference of Meridians between any two Places 
whoſe Latitudes are known, from an obſerved Occultation or Emcr- 
ſion of a Star from the Moon's Limb, or its Diſtance and Poſition from 
her at both Places; it 1s not neceſlary that the obſerved Times of the 
{ame Appearance at both Places ſhould be known, for if the time of 
the Stars Occultation or Emerſion at one Place were actually ob- 
ſerved, and at the other the Diſtance and Poſition of the Star to 
the Moon, the Difference of Meridians may thence be determined, 
as eaſily as if the Occultation and Emerſion were obſerved at both 
Places, and the ſame may be done from the Diſtance and Poſition 
of a Star to any of the Planets. 

The Lunar Theory is already brought to very great Perfection, 
compared with what it was a few Years ago, and there 1s no room 
left to doubt, but from the great Stock of good Obſervations that 


Mr.Flamfteed has left behind, of its being carried on to all the ** 
nels 
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neſs neceſlary, and tlien from ene langle Obſerration of an Appulſe 
of the Moon to any fixed Star; or of an Occultation or any Emer- 
ſion ot a Star from the Moon's Limb, might: the Difference of Lon- 
gitude between the Place ot the Obſervation, and the Place to which 
the ſaid Numbers ſhould be ficted, be readily determined. 

Mr. Flamſteed has given us the Places of near 1000 fixed Stars, 
confirmed by - ſeveral Obſervations that lye within the Zodiac, each 
of which will be covered by the Moon and the reſt ot the Planets, in 
one Revolution of their Node; ſo that ſcarce one Night can happen 
but ſome or other of them will be eclipſed, or approached ſo near 
unto, as to come wichin the compaſs of a Teleſcope, in one Place of 
the Earth or other, add to theſe tne Eclipſes of Jupiters Satellites, 
and its ſcarce poſſible, that any clear Night can happen, but the =) 
Heavens afford us ſome agreeable Phenomenon or other, by which the 
Longitude of any place may be duly aſcertained. 

In the Philoſophical Tranſactions Number 1, for the Month of e, 
March, in the Year 166+, after the Invention of Pendulum Matches 
by Monſieur Hugent of Zulichem; we have an Account of an Ex- 
periment made with two of them by Major Holmes, in a Voyage 
from the Coaſt of Guinea homewards, at the requeſt of ſome ot the 
Eminent Virtuoſo's and grand promoters of Navigation at that time, 
in the manner following. | 

The ſaid Major having left that Coaſt, and being come to the 
Iſle of St. Thomas under the Line, accompanied with four Veſſels, 
having there adjuſted his Watches he put to Sea, and ſailed Weſtward 
Seven or Eight Hundred Leagues without changing his Courſe ; at- 
ter which finding the Wind favourable, he ſteered towards the Coaſt 
of Africk North North Eaſt, but having failed upon thar Line a 
matter of Two or Three Hundred Leagues, the Maſters of the o- 
ther Ships under his Conduct, apprehending that they ſhould want 
Water before they could reach that Coaſt, did propoſe to him to 
ſteer their Courſe to the Barbadoes, to ſupply themſelves with Water 
there; whereupor the {aid Major having called the Maſtcrs and 
Pilots together, and cauſed them to produce their Journals and Cal- 
culations, it was found that thoſe Pilots did difler in their Reckon- 
ings frem that of the Major, one ot them Eighty Leagues, another 
about an Hundred, and the third: more ; but the Major judging by 
his Pendulum VPatches,” that they were. only ſome Thirty Leagues 
diſtant from the Iſle of Fuego, which is ane of the Iles of Cape Ferd, 
and that they might reach it next Day, and having à great Conti- 
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dence in the ſaid Watches, relolved to ſteer their Courſe thither, and 
having given Order ſo to do, they got the very next Day about 

Noon, a ſight of the ſaid Iſle of Fuego, finding themſelves to ſail 
directly upon it, and fo arrived at it that Afternoon. 

This and ſome other Succefles, incouraged Monſieur Hugens ſo 
far, that after he had improved the Structure of theſe Watches 
he publiſhed an Account at large in the Belgjc” Tongue, which was 
afterwards Tranflated into Exgliſb, and publiſhed in the Philsſophicai 
Tranſactions Ne 47, for the Month of May 1669; fhewing how, 
and in what manner theſe Watches are to be uſed in finding the Lon. 
gitnde at Sea, with Directions for adjuſting of them, and keeping a 
Journal by them, which Account the curious Reader may fee at large 
in the above-mentioned Ti anſactions Ne 47, in the, rea ding of which, 
if he is ignorant of theſe Matters, he will meet with ſome Things 
worthy of his Notice. £20 | | 

The chief Objection againſt the Uſe of Pendulum Clocks and 
Watches, is the Effects that Heat and Cold have, (for there have been 
ſeveral Contrivances to hang them, ſo as to anſwer to all the Motions 
of a Ship, except in very uncommon Accidents) upon the Spring and 
Pendulum, which makes the Spring in. H/atches draw ſtronger at ſome 
times than at other times, and cauſes the Pendulum to lengthen and 
ſhorten, according as the Weather is hotter or colder; but theſe E- 

fects are fo regulat, that without doubt they may be accounted for. 
Aue au, But tlie principal Thing at preſent that ſeems wanting, to render 
this and the former Methods practicable, is a true Knowledge ot the 
Hour of the Day and Night, this may readily be obtained trom 
the true height of the Sun in the Day, or of a Star in the Night, for 
their Declinations at all times are given; and as a ſmall Error in the 
Latitude will make no conſiderable Error in the Time, it being one 
of the containing Sides of the Angle required, if the Altitude of the 
San or Star could be taken to 1 or 2 Minutes, the Hour of the Da 
or Night might be determined to all ſufficient Degrees of Exactneſs 
this may be done on the Land with a common Quadrant of 18 In- 
ches Radius, rightly adjuſted, and adapted with proper Sights and a 
good Pedeſtal: And I cannot help thinking, that if Men would et 
about it in good Earneſt. they would not fail ro meet with Succeſs at 
Sea; ſince I have. been informed by a skilful Commander, who took 
one along with him in an Eaſt India Voyage, that by accuſtoming 
himſelf to it often, he could at laſt at ſome certain times, make Uſe 
of it with good Succeſs; and I am ſure that he who can contrive a- 
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ny Way to take the height of the Sun or any fixed Star at Sea to 
the Exactneſs before- mentioned, may fairly be intituled to a Share 
of the diſcovery of the Longitude, and ougnt to have a proportional 
eward. | | Ga, 
1 To determine the exact Time when any remarkable Appearance g 
happens, is a Poſtulatum that almoſt all our Modern Pretenders to 
the Diſcovery of the Longitude, and eſpecially the moſt rational a- 
mong them, have taken for granted, and is one of the chief Principles 
upon which ſeveral of their Methods depend, which plainly ſhews how 
ignorant theſe Gentlemen were of what they went about, and how 
44 little Mankind can expect from them. | 
*# - - People that go upon new Diſcoveries ought firſt to make them- 
{ ſelves Maſters of what is already known, and what are the principal 
: Things wanting to render the Means more effectual; this would pre- a 
? vent them from ſpending a great deal of Time to no purpoſe, and , 
enable them the better to ſucceed in their Attempts. _ 
InVolIk Page 283 and 284, I have ſhewn a Way how to find the true * pore. 
time of the viſible Riſing and Setting of either of the Limbs of the” - 2 
Sun or of his Center, by making an Allowance for his horizontal fa⸗T?L- 
rallax, which is ſo great in our Latirude, as to cauſe the Sun at 
the time of the Year to which the Calculation is fitted, to Riſe Appa- 
rently 4 min. 10 ſec. q, ſooner than is given by the common Method 
of Computation, and to ſer ſo much later. | 
And as this Method of Compuration will never fail to give the 
true time of the Apparent Riſing and Setting of the Sun, at all Times 
and in all Places, to a very great Degree of Exactneſs, and as the 
ſame Method of Inveſtigation is applicable to the Fixed Stars, I 
know of no Way at preſent that is ſo apt, and that will anſwer the 
Buſineſs in Hand ſo well as this will do. : 
For as there requires no Inſtruments to obſerve when the Sun or 
Stars viſible Rile, nor no great skill in the Obſerver, but only 
a diligent and careful looking out and watching when the Sun or Star 
begins to appear or diſappear, and which every one is capable of 

doing, let the Ship row! never ſo much; and conſidering farther, 
that there are frequent Opportunitys when ever the Heavens are 
clear, and which is the only time that we have occaſion for it, of 
making Obſervation, there is ſcarce a Night can happen, but we may 
have an Opportunity of comparing our Time-keeper with the Hea- 
vens, and of ſeeing how much it is too faſt or too ſlow, and be able 
thence to pronounce the true time, when any remarkable Appearance 
becomes viſible. 1 And 
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And as theBeginning and End of a Lunar Eclipſe, the Occultati- 
on of the Stars by the mterpotition of the Moon may be diſcovered 
by the naked Eye, (by Perſons that are but a little converſant with 
Obſervations) to a Minute of Time, and as the Eclipſes of Jupiters 

Satellites may be ſeen with a Glaſs of Eight Feet; and inaſmuch as 
theſe fhine with the greateſt Splendor a little before they are plung- 
ed into it, and ſoon after they are got out of the Shadow ot Jupiter, 
and that unleſs the Ship be very much tofled, they may have now 
and then an Opportunity of having a view of Jupiter, and ſceing 
whether the Eclipſes are over or not; I am well perſwaded that it 
People would bur uſe their Endeavours of putting ſome of theſe Me- 
thods in Practice, they would no doubt, very often meet with Suc- 
ceſs and find more practicable Ways. y 

It is weli known, that if never ſo eaſy Methods for finding the 
Longitude at Sea were propoſed, they could not be put in Practice 
with any deſirable Succeſs, till the Longitude of the Sea-Coaſts were 
better determined ; for moſt certain it is, that the ſurer any Man is 
of the Longitude of ihe Place he is in at Sea, the ſurer he is to miſs 
the Place he is deſigned for, if the Longitude of that Place be not 
truly determined; ſo that if at the worſt, theMethbds hitherto propo- 
ſed be not practicable at Sea, yet it cannot be denied but that they 
are practicable at Land; and therefore the firſt thing neceſſary to 
be done, is to have all our Sea-Coaſts better ſettled, and new Sea- 
Charts formed: Let them attempt this firſt, and I doubt not but 
the Succeſs will encourage them ſo much that they will readily 
find Means to put it in practice at Sea; for things that we are unac- 
quainted with, generally ſeem more difficult than really they are, 
and Uſe very often renders thoſe things eaſy, which at fivit fight we 
thought 1mpoſſible, | Ip 

Tis to the French Miſſiouarys chiefly, that we owe the Knowledge 
we have of moſt of the Sea-Coalts, but more eſpecially the Eaſt-Indies, 
and che Coaſt of China, they have put theſe Methods in Practice 
with very good Succeſs, and even at Sea if we may credit a Book 
written by Francis Noel the Feſuir, Entitled Obſervationes Mathemat: 
et Phys. in India et China, faite ab Anno 1684 ad Annum 1708. 

And is it not a ſevere Reflection upon us, who want no Means 
and who trade almoſt to every part of the habitable World, that in 

Three Seven Years, ſcarce Three Obfervations have been made, by 
which the true Longitude of any ot the Places they have been in can 
be truly determined? J | 1 


the Longitudes of Places. 0 


Let us not call out for a Diſcovery of the Longitude as if there 


to put the Methods hitherto known in practice, in their utmolt 
Extent, and no doubt but other and more efſectual Means will be 
found out. | | 

I have often heard the Government blamed, for not ſending Two 
or Three Ships abroad, to put. theſe and other Methods that have 
been propoſed in Practice, and thereby bring us home ſuch a'Treafure 
of Obſervations, as might enable us to draw new Maps of the Sea- 
Coaſts, but there is no need for ſuch an extraordinary Expence, let 
every one of His Majeſty's Ships of War be provided with a good 
Teleſcope, a ſmall Quadrant, and a good Time-keeper, and let the 
Teacher of Mathematicks appointed for that Ship; be obliged in eve- 
ry Port he comes into, to make all the Obſervations that happen 
during the time of his ſtay there; and let him be obliged at his re- 
turn home, to bring them to the Royal Society, or to any Perſon or 
Set of Men whom the Government ſhall think fit to appoint for this 
Purpoſe, who ſhould be obliged from time to time, to make ſuch 
Corrections in the Charts as thoſe Helps ſhould afford them; and 
there is no room to doubt, but that in a little time the World in 
General would receive the Benefit of it, and this Nation in particu- 
lar, as well as the Honour that would redound to them for ſo noble 
and generous an Undertaking. 5 

And if our Commanders of Merchant men who want neither Lei- 
ſure nor Opportunity, and who will certainly receive the greateſt Ad- 
vantages from it, would lend their Aſſiſtan ce to ſo uſeful a Work, 
we might ſoon expect to ſee a new Deſcription of this our Terraqueors 
Globe; but this having been ſo often requeſted and with ſo little Suc- 
ceſs, that I very much doubt if ever any thing wil. be done towards 
it, ſo that thoſe Perſons who have and may ſuffer upon ſuchAccounr, 


as too many have done, ought to lay the Fault upon themſelves, 


and are not to be pitied, ſince it is impoſſible for any one to rectify 
any Part of the Sea-Coaſts, without having been firſt upon them, 
and making proper Obſervations. MES. 


It is neceſſary to acquaint the Reader, that if he ſhould meer with 


the Subſtance of this Section, in A Treatiſe of the Sphere, publiſhed 
in the Year 1714, that the Author dying ſuddenly of a Fever, be- 
fore he had near finiſhed the Work, this as well as a great Part of 
it, was wrote by my ſelf. * 


= 


were no ſuch thing in being, but let us ſet our ſelves in eameſt 
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Concerning the V ariation, and the Methods of at. 


taining it. 


26.8 nothing is of greater Advantage to the induſtrious Seamay 
A than a perfect Knowledge of the true Courſe upon which 


the Ship has or does ſail, ſo nothing contributes more to it than 2 


Frequent and diligent Obſervation of the Amplitudes and Azimuthy 
of the Sun and Stars; ſince by the Help of theſe, he will be enabled 
not only to diſcover the Errors or Faults of his Compals, if any there 
be, but by comparing the obſerved Amplitudes and Azimuths with 
the true Amplitudes and Azimuths, find how much the Needle 
points ro the Eaſtward or Weſtward of the true Meridian, or the 
Angle that it forms with it. 


For as the true Amplitude ſhews how much the Sun or Star Riſes 


or Sets, to the Northward or Sduthward of the true Eaſt or Weſt 
points of the Horizon, numbred in Degrees and Minutes of the Ho- 
rizon and the Azimuth, the Angle that the Vertical paſſing thro 
the Sun or Star at any time makes with the Meridian, which is 
meaſured by the Arch of the ſame Horizon, contained berween the 


Meridian and the Vertical Circle; ſo the Amplitude obſerved by 


the Compaſs, ſhews how far the Sun or Star Riſes or Sets to the 

Northward or Southward of the Eaſt or Weſt, pointed out by the 
Compaſs. and the Azimuth, the Arch of the Horizon contained be- 
tween the Magnetic Meridian and the Vertical Circle paſſing thro' 
the Sun or'Star, and the Difference berween theſe (if there be any) 
is what is called the Variation. 

So that the Variation is an Areh of the Horizon, contained be- 
tween the Interſection of the magnetic and true Meridian, or the 
true North and South points, and the North or South points point- 

ed ont by the Needle; and which is ever equal to the Sum or Dif- 
ſerence of the true Amplitudes or Azimuths deduced from Calculati- 
on, and the Amplitude or Azimuth obtained by Obferration with 

the Needle, as ſhall be exemplityed in all its Varities. 
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Ho the true Amplitude and Azimuth of the Sun or any Star 

at any time may be obtaired, from proper Data by Calculation, 
is ſhewn at large in the 3d and 47 Section of the 5th Part, and how 
the magnetic Amplitude, or Azimuth, or Amplitude and Azimuth 
obtained by the Compaſs may be found, is ſo very eaſy in it ſelf, 
and ſo generally known to the skilful Sailor, that it would be need- 
leſs ro explain it here; and therefore | ſhall proceed ro ſhew how 
when both are known, to diſcover the true Variation, or how much 
the Needle points to the Eaſtward or Weſtward of the true North 


or South points of the Horizon. 

In the adjacent Figure, let N, E, S, 

V, repreſent the Horizon, N the 8 
true North point, the magneti- 

cal, then will E and & repreſent the 

true Eaſt and Weſt points, and e and * 
w the magnetical, and becauſe N. E, * 
NW, are Quadrants, and conſe- 
quently equal to the Arches ze and 

n; it follows, that the Arch of the 
Horizon Ee or w , contained be- 
tween the magnetical and true Eaſt CES 
and Weſt points of the Horizon, is e- | 

qual to the Arch Nu or S, contained between the magnetical and 
true North or South points, equal to the Variation, and which in 
this Caſe is Eaſt, becauſe the magnetical North point x lyes to the | 
Eaſtward of the true North point N; whence it follows. 

1. That if in comparing the true Amplitude or Azimuth with the 
magnetic Amplitude or Azimuth, they are found to be the ſame; then 
the Needle points exactly true, and there is no Variation. 

2. If in comparing the magnetic and true Amplitude together, 
they are found to differ, bur are the ſame way, that is both Norti,. 
or both South, then their Difference is the Variation, which if it 
be at Sun Riſing, and the Amplitudes are both North, and the 
magnetical exceeds the true, the Variation is Eaſt, but if they are 
both South the Variation is Weſt. | re 

For in the preceding Figure, if © repreſent the Nace of the Sun 
then will E © be the true Amplitude, and e © the magnetical and. 
both North; and conſcquently the Arch Ee equal. to the Exceis. 
of E ©, the magnetical Amplitude, above EO the true Amplitude 
is equal to N the Variation; and in this Cafe North, becauſe tes 

Arch 
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Arch u E is leſs than a Quadrant, and conſequently the magnetic 
North lyes to the Eaſtward of the true North. Wherefore, 
If the magnetic Amplitude be 30 deg. 44 min North, and the 
true Amplitude 22 deg : 15 min. North, and it be required to find 
the Variation. | . 
E5- From the magnetic Amplitude — E 30 44 North 
Take the true Amplitude — ——E 22 15 North 


= . 


There will remain the true Variation —————3$ 29 Eaſt 
Bur ifas in the adjacent Figure the 
magnetiè Amplitude eO, and the. 
true Amplitude E ©, at Sun Riſing 

| ate both South, it is manifeſt, that 

the Variation Nu equal to the Arch 
"8 E, the Exceſs of the magnetic Am- 

To 8 plitude above the true is Weſterly, for 

10 1 5” the Arch z E is greater than a Qua- 

drant, and conſequently the magnetic 

| North point lyes to the Weſtward of 

S 7 the true North point, wherefore in 

this Caſe, if the magnetic Amplitude 

at Sun Riſe be Eaſt 29 deg. 50 min: South, and the true Ampl tude 
be 19 deg. 55 min- South, and it be required to find the Variation. 

From the magnetic Amplitude —— —E 29 50 South 


Take the true Amplitude — —— E 5 South 
E 9 55 Weſt 


2 


* 


| There will remain. the true Variation 


3. If in comparing the magnetic and true Amplitude together 
at Riſing, they are both found to be Southerly, and the true Am- 
plitude exceeds the magnetical, then the Variation is Eaſt, but if 
they are both North the Variation is Weſt. 
For in the adjacent Figure, if © repreſents the place ot the Sun, 
OE vill be the true Amplitude, Oe the magnetical, and it is manifeſt 
that Nu the Arch of the Variation, equal to the Arch E e the 
Exceſs of the true Amplitude © E above the magnetical © e is 
Eaſterly, for theArch z Z is leſs than a Quadrant, and conſequently 
the magnetic North, lyes to the Eaſtward of the true North, where-. 
* fore it by Obſervation the Sun is found to Riſe rodeg . oo min a * 
| South- 


- the Variation of the Compaſs. 

s * Fi. IA 
| SES 8 3 * 
Southward of the Eaſt point by 
the Compaſs, when by Calculation 
he ſhould Riſe 24 deg. 15 min. to 
the Southward, and it be required 
to find the Variation, 


IS 
From the true Amplitude ——— ——— - FO 
Take the magnetical Amplitude I = — 

There will remain the true Variation ————— . 1 E 
Fig, 4. — — 


But if as in the adjacent Figure, 
the magnetical and true Amplitudes are 
both North, it is manifeſt that Na 
the Arch of Variation, in this Caſe e- 
qual to eE, equal to the Exceſs of 
E © above e ©, is Weſterly ; for the 
Arch x E is greater than a Quadrant, 
and conſequently the North point lyes 
to the weſtward of the true North: 
Wherefore if the Sun by the Compaſs 
is found to Riſe 12 deg. 10 min. to 
the Northward of the Eaſt, when 


2 
his true Amplitude is 17 deg. 30 min. North, and it be required to | 


find the Variation. 


From the true Amplitude — ——————E 17 30 North 
Take the magnetic Amplitude. —— FE 1:2 10 North 
There will remain the true Variation 5 20 Weſt 


4. If in comparing the Amplitudes together at Setting, the mag- 
netical be found to exceed the true, if they are both South the Va- 
riation is Eaſt, but if they are both North the Variation is Weſt. 
In the adjacent Figure, if © repreſent the Place of the Sun, 
then will © w be the * Amplitude, and © V the true, and 
| 3 con- 


ods for finding 


confequently Nu the Arch of Varia. 
tion equal to Vu, equal to the Ex- 
ceſs of the magnetic Amplitude © 
above the true Amplitude © i; 
Eaſterly ; for the Arch ꝝ © is greater 
than NO, and conſequently the 
magnetical North z lyes to the Right 
or to the Eaſt of the true North point 
N; whercfore if the Sun by Obſerva- 
tion is found to Set 34deg. 15 min. to 
the Southward of the Weſt, when by 
Calculation he ſhould Set but 17 deg, 
| J min. and it be required to find the 
| I Variation, and which way it is. 
From the magnetic Amplitude —— 34 15 South. 
Take the true Amplitude . —=—=— W 17 15 South 


Meth 


There will remain the true Variation. ——— 17 oo Eaſt 


But if as in the adjacent Figure, the 
magnetic and true Amplitudès are both 
North, it is manifeſt, that Nu the 
Variation, equal to Wu the Exceſs 
of the magnetical Amplitude w © a- 
bove the true Amplitude O is Weſt, 
for the Arch & is leſs than N, and 
conſequently the magnetical. North 
lyes. to the Weſtward. of the true 
North : Wherefore, 

| If the Sun be found by Obſerva- 
tion to Set 22 deg. 18 min. to the 
| Northward of the Weſt, when his 
true Amplitude is only 18 deg. 10 min. North, and it be required 
to ſind the true Variation, and which way it is. f 


From the magnetical Amplitude W 22 18 North 
Take the true Amplitude ——————— 18 10 North 


There: remains the true Variation » 


4 8 Welt | 
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5. If in comparing the Amplitudes together at Sun Setting, the 


true Amplitude exceed the magnetical, if they are both North the 


Variation is Eaſt, but if they are both South the Variation is Weſt. 
Por in the ger Figure, if © Hg. 7. 
epreſent the Sun, then will © & be | 

— true Amplitude, and © w the N it 
magnetical , and conſequently the 
Arch of Variation Nn equal to V 70 
the Exceſs of the true Amplitude | 
above the magnetical u ©, is W 
Eaſterly ; for the Arch u © is greater 
than NO, wherefore the magnetic 
North lyes to the Right-hand of the 
true North, Wherefore, 


| * 
If the Sun be found to Set 14 deg. 3omin. to the Northward, 


when his true Amplitude is'22 deg. 10 min. North, and it be re- 5 


quired to find the Variation, and which way it is. | 
| F rom the true Amplitude ' W 22 10 North 
Take the magnetical Amplitude WIA 30 North 


There remains the true Variation -= 7 40 Eaſt 
| EF; x 8. — — 
But if as in the adjacent Figure, a | 

the magnetical and true Amplitudes 
are both North, and the true exceed 
the magnetical, it is manifeſt that 
the Arch of Variation N equal to 
Wu, equal to the Exceſs of Z/ © 
the true Amplitude, above the mag- 
netical w © is Weſterly ; becauſe the 
Arch N © is greater than 2 ©, and 
conſequently the magnetic North 
lues to the Weſtward of the true 
North. | Is 

6, If in comparing the magnetic and true'Amplitudes 
are found to be contrary, that is if one be North and the other 
South, then their - Sum is the Variation; which if it be at Riſing 
and the magnetical Amplitude be North, the Variation is Eaſt ; 
but if the magnetical rr be South the Variation is Weſt. 

- cc 3 | * 


Methods for finding 

For in the adjacent Figure, if @ 

| be the true Place of the Sun, then 

4 will E © be the Sun's true Ampli- 

tude, in this Caſe South, and e © the 

magnetical Amplitude, in this Caſe 

North ; whence 1t is manifeſt, thar 

E Nu the Variation, equal to E e is 

equal to the Sum of E © the true 

E Amplitude, and e O. the magnetical, 

and Eaſt, becauſe the Arch NM © is 

greater than # ©, and conſequently 

the magnetic North lyes to the Eaſt- 

ward of the true North ; wherefore, 

if the Sun's magnetic Amplitude be found to be 10 deg. 25 min, 

North, when by Calculation he ſhould Riſe 12 deg- 24 min. to the 

South ward of the Eaſt, and it be required to find the Variation and 
which way it is. ; N ; | | 

+ + To the magnetic Amplitude — E 10 25 North 
Add the true Amplitude ——E 12 24 South 


The Sum will be the true Variation — 9 22 49 Eaſt 


— 


g. 10. | 
i I But if as in the adjacent Figure, 
xn N . the magnetic Amplitude be South, 
- it is manifeſt, that N the Variation, 
equal to E e the Sum of the true Am- 


| E plitude E© and the magnetical Am pli- 

| E tude O is Wet, for becauſe the Arch 
WINX n O is greater than N, the mag- 
WY . netic North will lye to the Weſtward 


of the true North: Wherefore, 
If the Sun is found to Riſe 4 deg, 
4.8 ad 25 min, to the Southward of the Eaſt 
| . when by Calculation he ſhould Riſe 
+ to deg. zo min. to the North, and it be required to find the Vari- 
ation, and which way it is. N 


To 
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Jo the magnetic Amplitude — E 4 25 South 
Add the true Amplitude E 10 3o North. 


ASD — — 


The Sum will be the true Variation, ——14 55 Weſt 


— — 


7. If in comparing the Amplitudes at Setting together, they be 
found to be contrary, and the magnetical be South, the Variation 
is Eaſt; but if the magnetical be North the Variation is Weſt 

For in the adjacent Figure, if & be the Place ot the Sun, then 
will N be the true Amplitude Northerly, and w the magnetical 
Amplitude Southerly, whence it is manifeſt that Nu the Variation, 
equal to w V, the Sum of the magnetic Amplitude O u and the 
true Amplitude i © is Eaſterly, tor Fig. 11 
the Arch N is leſs than z ©, and Re 
therefore the magnetic North muſt 
point to the Eaſtward of the true 
North ; wherefose when the true Am- 
plitude by Calculation is found to be 
6 deg. 30 min. North, and the Sun is 
found to Set 4 deg. 45 min. co the 
Southward of the Weſt, and it be re- 
quired to find the Variation, and which 


way it is. 


To the magnetical Amplitude -W 4 45 South 


Add the true Amplitude — — - s 30 North 
The Sum will be the Variation — 11 15 Eaſt 
| | | Fig. 12. 
But it as in the adjacent Figure, 
jacen gure 1 N 


the magnetical Amplitude be North, 

and the true Amplitude South, it is 
plain that Nu the Variation, equal 

to the Sum of O the true Ampli- 
tude, and w the magnetical Ampli- 7 
tude is Weſt, becauſe the Arch N © 

is greater than # © and conſequently W 
the magnetical North muſt lye to the 
Left- hand of the true North; where- 

tore when the Sun ſhould Set 10 deg- 2 


20 min. to the Southward of the true Weſt point, he is found to Se: 
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. 4 deg. 30 min. to the Northward of the magnetic Weſt, and it be 
required to find the Variation, and how much it is. 


To the true Amplitude »——* ee: WO 20 South 
Add the magnetic Amplitude -— = ——— W 4 30 Non 
The Sum will-be the true Variation — 14 0 Wel 


—— 4 — 


By comparing the ſeveral Solutions together, it is manifeſt, that if 
the Amplitudes either at Riſing or Setting are the ſame way, chat 
is both North or both South, their Difference or Exceſs is the Va- 
riation; but if they are contrary, that is, if one be North and the 
other South, their Sum will give the Variation; and to find whe. 
ther it be Eaſt or Weſt, ſet off the true Amplitude if it be in the 
Morning from the true Eaſt point, bur if it be in the Evening from 
the true Weſt point, either Northerly or Southerly as the Caſe di- 
res, and it gives the Place of the Sun; from which point let off 
the magnetic Amplitude the contrary way to its Title, that is, if 
the magnetic Amplitude be North ſet it off Southerly, bur if it be 
South ſet it off Northerly, and it gives the magnetic Eaſt or Weſt 
points, from whence ſer off 90 Degrees or a Quadrant and it gives 
the magnetic North: Now it the magnetic North lyes to the Right- 
hand of the true North the Variation is Eaſt, bur if the magnetic 
North lyes to the Weſt of the true North, the Variation is Weſter 
ly. 
: If in comparing the Azimuths together taken at any time, viz. the 
magnetical and true, they are found to diſagree, their Difference is 
the trueVariation ; which if it happens to be in the Morning, and the 
true Azimuth numbred from the North, exceeds the magnetical 
counted from the ſame point, theVariation is Eaſt; otherwiſe Weſt, 

For in the 1/2, 3d and 10th Fig. if © be the true Place of the Sun, 
then will N © be the true Azimuth, and 2 © the magnetical, and 
conſequently Nu equal to the Exceſs of the true Azimuth NO above 
the magnetical Azimuth ꝝ 2, the Variation, is Eaſterly; for becauſe 
the Arch N © is greater than z , the magnetic North mult lye 
to the Eaſtward of the true North; wherefore if the Sun by Com- 
putation is found to be 89 deg. 4o min- to the Eaſtward of the true 
North, and by Obſervation at the ſame time he is found to be but 
78 deg zo min. to the Eaſtward of the true North, and it be re- 
quired to find the Variation, and which way it is. St 

rom 


There remains the true Variation. ——6 10 Eaſt 


zimuth exceeds z © the magnetica! Azimuth, it is plain that their 
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From the true Azimuth- — 8. 40 Eaſt 
Take the magnetical Azimuth= —————N\ 7 30 Eaſt 


— — 


— — 


But if as in the 2d, the 4th, and the 10th Figures, the magneti- 
cal Azimuth exceeds the true, it is plain that N'z the true Varia- 
tion, equal to the Exceſs of n © the magnetical Azimuth above N ©, 
the true Azimuth is Weſterly ; for the Arch N © is leſs than = ©, 
and conſequently the magnetic North lyes to the Weſtward of the 
true North. Wherefore, | f 

It the magnetic Azimuth by the Compaſs is found to be 89 deg. 
40 min Eaſt, when the true Azimuth by Calculation is 74 deg- 30 


* 


min. Eaſt, and it be required to find the Variation. 


From the magnetic Azimuth — — N 89 40 Eaſt 
Take the true Azimuth -N 30 Eaſt 


— — — 


—15 10 Weſt 


The Remainder will be the true Variation 


9. If in comparing the magnetical and true Azimuth together, 
taken in the Afternoon and counted from the North, the magnetical 
exceed the true, their Difference is the Variation Eaſterly; but if 
= — exceed the magnetical, their Difference is the Variation 

eſterly. g | x 

For in the 5th, 7th, and 11th Figures, where © repreſents the 
Sun, N © the true Azimuth, and z © rhe magnetical, it is manifeſt 
that Nu the Difference between N © the true Azimuth, and 
„ © the magnetic, is the Variation Eaſterly, for becauſe the Arch 
N © is leſs than » ©, the magnetic North muſt lye to the Eaſtward 
of the true North; wherefore if the true Azimuth was 106 deg: 54 
min, North Weſtward, and the magnetic Azimuth 120 deg. 30min. 
the ſame way, and it be required to find how much, and which 
way the Variation is. | 

From the magnetic Azimuth — ————————N 120 3o Weſt 
Take the true. Azimuth —— N 106 54 Weſt 


Remains the true Variation — — — ———x13 36 Eaſt 


—_———_—_ — 


But if as in Fig. the 6th, 8th, and roth, where No the true A- 


— 


Dif- 


- 
= 


true Azimuth NV © be 70 deg. 44 min. North Eaſtward, and the 


* 


Vill be the Variation, which is Eaſterly if the Obſervation be made 
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Differcnce Nu will be the Vatiation Weſterly ; for the Arch 1 © 
is leſs than N, and conſequently the magnetic North point ; 
will iye to the Weſt ward of the true North point N: wherefore if the 


magnerical Azimuth be found by Obſervation to be 64 deg. 48 min, 
Weſt, and it be required to find the Variation, and which way it 
is. | 
From the true Azimuth N —— -——— —— N 70 44 Weſt 
Take the magnetical Azimuth — —— N64 48 Weſt 


There will remain the true Variation —— —»——5 56 Well 
10. If in comparing the Azimuths together, they are found to 
be contrary, that is, if one be Eaſt and the other Weſt, their Sum 


in the Afternoon, but Weſterly if the Obſervation be made in the 
Forenoon. 

3 For in the adjacent Figure, where 

N © repreſents the Sun, S O the trie 

2 Azimuth Weſterly, and O the 

LY magnetic Azimuth Eaſt, it is mani- 

feſt, that Nu the Arch of Variation, 

equal to Ss, equal to the Sum of the 

- — E true Azimuth SO, and the magnetic 

2 Azimuth s ©, is Eaſterly ; for the 

Arch ES is leſs than a Semicircle, 

| and conſequently the magnetical 

. North point muſt lye to the Right- 

1 8 3 hand, or to the Eaſtward of the true 

North point N: wherefore if the Sun by Obſervation is found to 

appear 6 deg. 20 min. to the Eaſt of the Meridian, when by Cal- 

culation he is found to be 10 deg. 20 min. to the Weſt, and it be 
required to find the Variation, and how much it is. 

To the magnetic Azimuth ——5S 6 20 Eaſt 


Add the true Azimuth— — — —8 10 20 Weſt 
Their Sum will be the true Variation ———16 40 Eaſt 


But if as in the ad jacent Figure, where © repreſents the Sun, SO. 
the true Azimuth Eaſterly, and O the magnetic Azimuth Welt, 
| ; ir 


it is evident, that N the Arch of the Variation equal to 33 66 
ual to the Sum of & © the true Azimuth, and 5s © the magnetic, 


is Weſterly,, for the Arch 21 ., ; 
— — the Arch ꝝ h & is leis Fig. 14 | 
than a Semicircle, and conſequently * N | 
the magnetic North point lyes to the : 
Weſtward of the true North point ; 
wherefore, if the magnetic Azimuth 
by Obſervation be found to be 4 deg. 
s min. to the Weſtward of the Me- 
ridian when the true Azimuth is 

5 deg. 20 min. to the Eaſt, and it be 
required to find the Variation, and 


how much it is. | 5 7 


To the magnetical Azimuth »—— ——— — —— 84 56 Weſt 
Add the true Azimuth — — — 5 20 Faſt 


10 16 Weſt 


The Sum will be the true Variation 


And univerſally, if in comparing the magnetical and true Azimuths 
together they are found to be the ſame way, that is, both Eaſt or 
both Weſt, their Difference is the Variation: but if they are con- 
trary, that is, if one be Eaſt and the other Weſt, their Sum is the 


Variation, and to find which way it is. 


Having drawn a Circle to repreſent the Compaſs or Horizon, ſet 


off the true Azimuth from the North or South points towards the 


Right-hand if it be Eaſterly, or Morning Azimuth, but towards 


the Left-hand if it be Weſterly, and it gives the true Place of the 
Sun; from whence ſet off the magnetic Azimuth the contrary way 
to its Title, that is, if the magnetic Azimuth be Eaſterly ſer it off 
Welterly, but if it be Weſterly ſet it off Eaſterly, and it gives the 


| magnetic North or South points. 5 | 
T, 
Having fixed upon the point O to repreſent the Sun, ſet off the 


true Azimuth upwards towards the North if it be counted from the 
North, or downwards toward the South if it be reckoned from the 


South; and towards the Right or Left, according as it is Eaſtward 


or Weſtward, and it gives the North or South point of the Horizon, 
and from the ſame point © _ che magnetic either upwards or 


— 
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downe: 


—_- 
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| downwards, and towards the Right or Left, according as it is rec. 
koned from the North or South, either towards the Eaſt or towards 
the Welt, and it gives the magnetic North or South; now it the mag- 
| netic North point lyes to the Rigut-hand of the true North point, 
the Variation is Eaſt ; but if it lyes to the Left-hand ot the true 
North, the Variation is Weſt. 
Suppoſe for Example, the magnetic Azimuth O, ſee the gth Fj. 
gure, was 86 deg. 40 min. North Eaſtward, and the true Azimuth 
NO was 98 deg. 10 min, North Eaſt ; now becauſe they are both 
the ſame way their Difference 1 1 deg. 30 miv- will be the Variation 
and to find whether it be Eaſt or Weſt, having pitched upon the 
point © to repreſent the Sun, fer off firſt 98 deg. 10 min from © 
upwards to N, and it gives the true North point, and from the ſame 
point ©, ſet off the magnetical Azimuth 86 deg. 40 min. the ſame 
way, and it gives the magnetical North point z ; now becauſe the 
magnetical North point z 1s ſhort of the true North point NM. and 
therefore lyes to the Right-hand of it, the Variation is Eaſt ; and 
the fame Method is tote uſed in all other Caſes: 19 
It inſtead of counting the point of Sun Riſing or Setting, from the 
Eaſt or Weſt point of the Horizon, it be numbred from the North 
or South, theſe Laws which relate to the Azimuths, will obtain in 
the Amplitude, and all the varietys that can happen in both, will 
fall under the laſt General Rule, which for its great Simplicity 
and Univerſality, ought to be prefer'd before the reſt; being in it 
ſelf ſufficient to anſwer all the Purpoſes, tho* to gratify the inquiſi- 
tive Reader I have inſerted them all. ; 


5 As the Compaſs is certainly the moſt uſeful Inſtrument the Mari- 
ners have, ſo a Knowledge of its Properties is certainly of the great- 
eſt Benefit. 288 | 
It is now above 140 Years ſince it was firſt diſcovered at London, 
by. that the magnetic Needle formed an Angle with the true Meridian, 


at which time it pointed 113 degrees to the Eaſtward of the true 
North point of the Horizon, but how much more it might have 
done before that time does not yet appear by any Account, and 
from that time the Variation it ſelt has continued to vary, and the 
Needle conitantly approached tothe true North point, till in theYear 
2666, the Needle it ſelf pointed directly North, and there was no 
Variation; and ſince that it has ſtill continued to move in the ſame 
Direction, and at preſent is found to vary above 12 degrees Weſter- 
ly, and how fat further it -may move, or what will be the * 


the Variation of the Compaſs. 2399 

| iat ion of it, Time only can diſcover; for” till it has once fini- 
282 it is next to an Impoſſiblity to aſſign the Law that 
ir is govern'd by, or fix any real or true Hypotheſis for its Solution; 
and as it is very different in different Places at the ſame Time, and 
obſerves diflerent degrees of Increaſe and Decreaſe, nothing more 
at preſent can well be done, but to treaſure up a good Stock of 
Obſervations carefully made, and then it is poJſible,a good Theory 
of it may be obtained, which will not only be of great Service to 
the Nautical Science, but of ſingular Uſe in many other Arts; and 
therefore it is to be hoped, that all thoſe whoſe Bufineſs more par- 
ticularly it is to make Obſervations of this kind, will omit no fa- 
vourable Opportunity wherever they are of ſo doing, fince by this 
Means they will not only ſerve themſelves at preſent, but lay a 
laſting and ſure Foundation for thoſe that come after to build upon. 


FFF 
Section XVIII 


Containing an Account of the Methods made ſe of, for 
meaſuring the Ships Way, for correfing the Courſe 
ſteered, by making proper Allowances for the Leeway 
and Variation, together with the way and manner of 
working and correcting of Days Works at Sea, Cc. 


T HE Method made Uſe of by our Engliſb Samen, for mea- 
ſuring the Ships Way, or finding how far ſne runs in any gi- 
ven time, is by the help of the Leg- line and Half-minute Glaſs. 

The Log is only a flat piece of Wood, which is tyed or faſtened 
to a Line which is called the Log: line. | 

This Line is uſually divided into certain Spaces, whichSpaces are or 
ought tobe ſuch a proportional Part of a Nautical Mile (60 of which 
are equal to a Degree of the Meridian) as half a Minute, the 
Time allowed for the Experiment, is of an Hour: F 

The Spaces thus divided are called Knots, becauſe at-the End of 


each Space there is reey d (between the Strands of the Line) a piece 


of Twine wich Knots in it whichfhew how many Spaces are run out 
Fifa * | du- 


— 
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during the Half-minnte, from the point of Commencement, ang 18 
as ready a Way as could be thought of, ſince in the darkeſt Night 
or in the ſtormieſt Weather, the number of Knots run off the Ree 
are readily and eafily pronounced, by feeling or counting them with 
the Fingers only. 3 1 
Theſe Knots or Spaces commonly begin at the diſtance of about 
10 Fathom or 60 Foot from the Log, that ſo the Log when it is 
hove over Board, may be out of the Eddy of the Ships Wake before 
they begin to count, and for the more ready diſcovering of this point, 
there is faſtened at it a piece of Red Rag. | as 
The Log thus prepared, being hove over Board from the Poop 
and the Line veered out (by the help of a Reel, that turns eaſily and 
about which it is wound) as faſt as the Log will carry it away, ot 
rather as the Ship ſails from it, will ſnew according to the time of 
Veering, how far the Ship has run in any given time, and conſe- 
quently her Rate of Sailing. Mg 
4 A Degree of the Meridian (according to Mr. Norwood's Obſer- 
; vation, with which the French nearly agree) contains 69.5 45 Ex- 
gliſþ Miles, each Mile-by the Statute being 1760 Yards, or 5280 
Feet. 5 | 
So that a Degree of the · Meridian contains 122400 Yards, or 367200 
Feet, whence a Nautical or Sea Mile being the 6s part, muſt contain 
6120 Standard Feet, and conſequently the diſtance between Knot 
and Knot onght to be 5 1 Feet. 

Hence by knowing how many of theſe Knots or Spaces, the Ship 
runs in half a Minute, we know how many. Miles ſhe fails in an 
Hour, ſuppoſing her to move with the fame velocity during that 
time. | | | 

And therefore it is the general Way to heave the Log every. Hour, 
to know how many Miles ſhe goes, but if the Gale has not been 
the ſame during the whole Hour, or if there has been more Sail ſet, 
or any Sail handed, that ſo the Ship has run more or leſs in any 
part of the Hour, than ſhe did at the time of the Experiment, there 
muſt be an Allowance made for it, and which muſt be according to 
the Diſcretion of the Artiſt, _ Ft 

And ſometimes when the Ship is before the Wind, and. there be 
a great Sea ſetting after her, it will bring home the Log, and ſhe 
will go faſter than is given by the Log: e trick 

- And in this Caſe it is uſual if there be a very great Sea, to allow 
One Mile in Ten, and leſs in Proportion, if the Sea be not ſo great; 
ut 


but for the moſt part the Ship yawes, and makes an Equiyalentfor it 
And farther conſidering that for the generality the Ships Way is real- 
ty more than is given by the Log, and that it is ſafer to have the 
Reckoning ſomething before the Ship, ir may not be amiſs to leave 
out the odd Foot between every Knot, as Mr. Norwood has done ; 
and make the Space between Knot and Knot to be 50 Foot exactly, 
thoꝰ our Seamen for the molt part make the diſtance but 42 Feet up- 
on a Suppoſition that 60 Eng/ib Miles makes a Deg. of a Great Cir- 
cle, and by common Experience has been forced to leſſen the Half- 
minute Glaſs almoſt Six Seconds, making it to run but 24 Seconds 
nearly; which in reality is but correcting one Blunder by another; 
and it were therefore to be wiſhed that they would make Uſe of 
the former Limitation, ſeeing it is in every reſpe& as eaſy, and 
much more ſure and certain. Bur, | 

If at any time it ſhould happen, that the Space between Knot 
and Knot be too great in Proportion to the Half-minute Glaſs, 
then the diſtance given by the Log will be too ſhort ; and on the 
contrary, if the Space between Knot and Knot be too little, then 
the Diſtance run will be given too much, and to find the true Di- 


Nance in either Caſe, having meaſured the Diſtance between Knor . 


and Knot; ſay, | 
As the true diſtance 50 Foot is to the diſtance meaſured, ſo is the 

Miles of diſtance given by the Log, to the true diſtance in Miles, 

that the Ship has run. F 


Example 1. 
A Ship having run at the Rate of 8 Knots and a half in half a 
Minute, but mealuring the diſtance between Knot and Knot, I find 


ic to be 60 Feet, I demand the true diſtance in Miles? 
As 50 is to 60, ſo is 8.5 to 10.2 Miles, the true diſtance run. 


Example 2: 


Suppole a Ship in half a Minute has run eight Knots and a half 


off the Reel, but meaſuring the diſtance between Knot and Knot 
I find it to be but 42 Feet, and it be required to find the true di- 


ſtance run: Say, . 
As 50 is to 42, ſo is 8.5 to 7.14 Miles nearly; the true diſtance 


1. 


| "for leeping a Journal. 8 401 1 5 


ns " Preparatory Rules 
It in either of the two former Caſes, the diſtance run in the half 
Minute were given in Feet, then divide the diſtance given by 59, 


the Feet in one Knot, and the Quotient will give the Miles of dj. 


ſtance run in an-Hour, For, | ; 
As 50 to 1, ſo is the Feet run, to the V tles of diſtance. 


Thus in the 2 Example, where the Ship run 5 40 Feet in the half 


Minute, it this Number 5 10 be divided by 50, the Quotient 10.1 


will be the Miles of diſtance ; and the ſame Law will hold good in 
all other Examples. | | 

Again, if the Glaſs require longer time than 30 Seconds to run, 
it will give the diſtance ſailed too much, and on the contrary, if the 
Glaſs run out too ſoon, it will give the diſtance ſailed too little; 
and to find the true diſtance ſailed in either of theſe Caſes, 

Having meaſured out the time that the Glaſs requires to run out: 
Sav, | | | 2 

As the Number of Seconds the Glaſs requires to run, is to half a 
Minute or 30 Seconds, ſo is the diſtance given by the Log, to the 
true diſtance run in that time. | 


Example 1. 


A Ship having run at the Rate of 8 Knots and a half, but exami- 
ning the Glaſs, I find it to run 35 Seconds, I demand the true di- 
ſtance ſailed. - | Np 
As 35 ſec. is to 30 ſec, ſo is 8.5 knots, to 7-29 miles nearly; the 
true diſtance the Ship ſails in an Hour. 


Example 2. 


A Ship by the Log having run at the Rate of 8 + Knots, but ex- 
amining my Glaſs I find it to run but 24 Seconds, I demand the true 
diſtance ſailed, and how many Miles ſhe runs in an Hour, 

As 24 ſec. is to 30 ſec. ſo is 8.5 Knots, to 10.62 Miles, the Rate 
the Ship runs at in an Hour. f 

And in order to try the Glaſs whether it meaſures out a juſt Quan- 
tiry of Time or not, if there be no Watch nor Clock that vibrates 
Seconds, let there be taken a String of 3 25 Inches. long, and at one 
End of it let there be faſtened a Plummet, and let the other End be 
hung upon a Nail or Peg, and having put the Pendulum in motion, 


count the Number of vibrations that it makes during the _ = 
A | 3 | S- , 


Glaßs is running out, and if tkeſe are found to be 30 in Number, it 
ſnews that the Glaſs is good ; dut if they are found to be more or 
fewer in Number, the Exceſs or Detect, will ſhew the Error of the 
ls. ; 1 g 
2 tho? it may be objected againſt this Method of Tryal, that 
aridly ſpeaking, the vibrations are not equal among themlclves, and 
that the Pendulum 1t ſelf will ſoon return to reſt, in aſmuch as every 
Arch of vibration will be {till leſs and leſs ; yet the Error is ſo very 
ſmall, that the difference will not amount to any determinate Quan- 
tity of Time, as is well known to thoſe who are moſt converſant in 
the Buſineſs of Pendulums, and is therefore as good a Method as a- 
ny hitherto known. But to return, 

If there happen to be an Error both in the Log-line and Half. mi- 
nute Glaſs, then the Caſe will be a little more complicate, and wilt 
admit of three varieties; and inaſmuch as the {lower is the Glaſs, the 
greater will be the diſtance failed obtained by the Glaſs, and the 
contrary; and the greater the Space between Knot and Knot, the 
eſs will be the diſtance ſailed obtained by the Log, it follows; 

1. Thar i; the Glaſs run too long, and the diſtance between Knot 
and Knot be too ſhort, that the diſtance given will always be too 
great, ſince both Errors give the diſtance too great: Thus for 

Example. | 

Suppoſe a Ship is found fo run at the Rate of 8 Knots, but ex- 
amining the Glaſs I find it to run 40 Seconds, and meaſuring the 
Log:line, I find the Space between Knot and Knot to be but 42 Feer 
the _ diſtance run, in this Caſe will be 5.355, or 5 Knots near= 
ly : for, | : | 
J As 40 ſ. to 30 f. ſo is 8.5 k. to 6375 k.; and | 

As 50 f. to 42 f. fo 3 to 5. 35 5k. the true diſtance 


r, 

As 50 f. to 42 f. ſo is 8.5 k. to 7.14 k. 

And as 40 ſ. to 30 ſ. ſo is 7. 14 k. to 5.355 k. the ſame as 
the former: Again, | | os 

2. It the Glaſs run too faſt, and the Space between Knot and 

Knot- be too great, then the diſtance given will always be too ſhort 
ſince the Errors ariſing from each of the Cauſes, contribute to leſſen 
the true diſtance. Thus for | 


Example. | 0 


Suppoſe a Ship is found to run at the Rate of 8 Knots; 
but examining the Glaſs 1 find it to run but 24 Seconds, and mea- 


ſuring 
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ſuring the Log- line, I find the Space between Knot and Knot to be 
60 Feet, and the true diſtance run be required. Say, 
1. * 225 = 8.5 k. Ag 10.62 k. and, 
2. As 50 f.: Gof.: : 10.62 K.: to 12.744, Or 124, the t 
diſtance the Ship ſails in the time. Or, 1 * 
| As 50 f.: 6of, : : 8.5 k.: to 10-62 k. and again, 
As 24 f.: 30ſ.: : 10-62 k.: to 12.75 k. or 124, the lame as 
the former. Again, 5 
3. It the Glaſs be too ſlow, and the diſtance between Knot and 
Knot be too great, or if the Glaſs run too faſt, and the Space be- 
tween the Knots be too little, inaſmuch as in each of theſe Caſcs 
the Effects of the Errors are contrary, the diſtance will ſometimes 
be too great and ſometimes too little, according as the greater Quan- 
tity of the Error is Negative or Pofitive ; thus for 


Example. 


Suppoſe a Ship is found to run at the Rate of eight Knots and 
half a Glaſs, but examining the Glaſs ir is tound to ſpend 40 
Seconds in running out, and by meaſuring the Log-line the diſtance 
between Knot and Knot is found to be 60 Feet, and it be required 
to find the Ships true diſtance in half a Minute; ſay, 

1. As4ofſ ::30f.: : 85k. : 6.375 k. and, 
2: As 50 f.: 6of.: :6.375 K.: 7-65 k. the true diſtance run 
Or, 
1. As50f.: 60 f.:: 8.5 k.: 10.2k. and, 
2. As 40 f.: 30 l.: 10. k.: 7.65 k. the ſame as before 
found, leſs than the diſtance given by the Log- line and Glaſs, by 
o. 85 k. Again, in | 


Example 2. 


Suppoſe a Ship to run at the Rate of 8 Knots in half a Minute, 
and upon examining the Glaſs, it 1s found to require 32 Seconds to 
run out, while the Space between Knot and Knot is found to be 60 
Feet, and jt be required to find the true diſtance ſailed, it will be 
. As 32 .: 30. : :8.5k.: 7.97 k. and again, 
2. As 50 ſ.: 60 f.:: 7. 97k. 9-564k. the true diſtance run, 
greater than the diſtance given by the Log- line and Half- minute 
Glaſs, by 1 064k. | 


But 
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But if in either of theſe laſt Examples it happen, that the time 
the Glaſs requires to run out, be to the diſtance between Knot 
and Knot, as 30. the Seconds in halt a Minute to 50, the true 
diſtance between Knot and Knot whatſoever be the time of running, 
or the diſtance between the Knots, the diſtance given by the Log- 
line, will be the true diſtance in Miles, as is abundantly manifeſt 
from what has been already ſaid upon this Head. 88 
Lee or Leeward-way, is the way that a Ship glides fideways 
from the point ot the Compaſs ſhe Capes at, occaſioned by the Force 
of the Wind and Surge of the Sea when ſhe lyes to Windward, .or 
is cloſe hauled : thns for Example, if the Wind be at North, and 
the Ship lyes up Eaſt North Eaſt, or 
Weſt North-Weſt towards e and a 
within 6 points of the Wind at N, al- 
tho' by the Rudder her Head is kept 
up to the Eaſt North Eaſt or Weſt 
Norch Weſt within 6 points of the 5 
Wind, yet by reaſon of the Force of W 
the Wind and Surge of the Sea upon 
her, ſhe falls off to Leeward, and 
really makes her way good upon the 
Rumb-lines cd and c, and the An- 
gle ec d ot ach, in this Caſe formed 
by the Rumb-line upon which ſhe 
endeavours to ſail, and theRumb-line c d or c þ upon which ſhe really 
makes her way good, is called the Leeway; and if it be equal to one 
point, the Ship is ſaid to make one point Leeway, if it be two 
points che Ship is ſaid to make two points Leeway, Cc. 
The Quantity of this Angle is very uncertain, inaſmuc h as ſome 
Ships with the ſame quantity of Sail, and with the ſame Gale, 
make more Leeway than others; and tis obſervable that thoſe Ships 
which draw moſt Water make the leſs Leeway ; and alſo that the 
ſame Ship if ſhe be our of her Trim, makes more Leeway than other- 
wiſe ſhe would do; for being not able to go ſo faſt'a-head, ſhe is 
forced to Leeward by the force of the Wind upon her Hull, and 
the ſetting of the upper Surface of the Sea, and moves in a Courſe 
compounded of theſe two, after the ſame manner as a Ship that fails 
in a Current, is compelled to move in a Direction, and with a velocity 
compounded of the Force and ſetting of the Wind upon her Sails, 


and the drift and ſetting of the Current under foot | 
2 + To 


N 
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To diſcover the Quantity of the Angle ec d or ach, or how much 
Leeway a Ship makes, tis uſual to ſet the Ships. Wake, and for 
that Purpole ſome Ships have a quarter of a Compaſs drawn on the 
Rail on each Quarter, or if a Ship be near the Land it may be 
found after the manner taught in Page 213, 214, @c. but the Al- 
lowances generally made, are as follows, | 

1. If a Ship be cloſe hauld, has all her Sails ſet, the Water ſmooth 
and a moderate Gale of Wind, ſhe then makes little or no Leeway, 

2. If it blow ſo freſh as to cauſe the ſmall Sails to be handed, tis 
- uſual to allow one point. | 

3. If it blow ſo hard that the Top-fails muſt be cloſe reeft, the 
Ship then makes about two points Leeway. 

4. If one Top- ſail muſt be handed, tis proper to allow two points 
three quarters, or three points. 

5. When both Top-ſails muſt be handed, then allow about four 
points Leeway. 5 | | h 4 

6. When it blows ſo hard as to occaſion the Fore Courſe to be 
handed, then allow between 5 3 points and 6 points. | 

7. When both Main and Fore Courſes muſt be handed, then 6 or 
6 } points mult be allowed for her Leeway, 

8. When the Mizen is handed and the Ship is trying a Hull, ſhe 
then makes her way good about one point before the Beam, that is 
about 7 points Leeway. 3. 

And tho' theſe Rules here delivered, are ſuch as are generally e- 
ſteemed and approved of, yet, inaſmuch as the Leeway depends in a 
great meaſure upon the Mould and Trim of the Ship, the ſmoothnels 

of the Water or the Sea running high, I ſhall recommend the un- 
experienced Navigator when on Board, to get the Aſſiſtance of ſome 
skilful Sailor, with whoſe help theſe Inſtructions and a little Expe- 
rience, his Judgment will be ſo well fortified, that he will ſeldom 
fail of making a good Allowance. 

The Courſe ſteered and Leeway being given, the moſt natural and 
eaſy way to find the true Courſe is, by ſuppoſing your Face turned 
directly to Windward ; and if the Ship have her Larboard Tacks on 
Board, to count the Leeway from the Courſe ſteered toward the 
Right-hand, but if the Starboard Tacks be on Board, then to count 
it from the Courſe ſteered towards the Left- hand; thus for Example, 
ſuppoſe the Wind at North by Eaſt, and the Ship lyes up within fix 
points of the Wind, with her Larboard Tacks on Board, making one 
point Leeway, it is plain that in this Caſe her Courſe _ - 


- 
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{ by North, and her true Courſe is Eaſt”; after the ſame man” 
5 if the Wind were at North North Weſt, and the Ship lay up 
within 6 points of the Wind, with her Starboard Tacks on Board, 
making 1 + point Leeway, it is maniteſt, that in this Caſe the true 
Courſe is Welt South Welt ; and the ſame Rule muſt be obſerved in 
all Caſes whatſoever. 8 1 

But it any one cannot ſo readily conceive this way, let him draw 
a Circle as NESW to repreſent the Compaſe, and let him ſer off 
the Wind, ſuppoſe North NorthWeſt as in the laſt Example, from N 
to a, and draw the Line b a, which will repreſent the Courſe of the- 
Winds, and becauſe the Ship makes her way good within 6 £ points 
of the Wind, with her Starboard Tacks 
onBoard, ſet off 63 from a towards , 
to þ and draw the Line c6, this will a N 
repreſent the Weſt half South Rumb- 
line, and the Courſe upon which the 
Ship ſailed according to the direction 
of the Rudder, from whence ſet off 
the Leeway 15 point, from the Wind 
towards S to d, and draw the Line 
cd, this will repreſent” the Weſt South 
Weſt Rumb-line, and the true Courſe 
of the Ship ; and after the ſame man- 
ner may the true Courle of the Ship 


be found in any other Caſe. | 

The Variation of the Compaſs (as has been ſhewn in the former 
Seftion) is an Arch of the Horizon intercepred between the magne- 
tic and true Meridian, which if the Needle point to the Eaſtward, 
or to the Right-hand of the true North point, it is called Eaſt Va- 
riation ; but if the Needle point to the Weſtward or to the Left- 
hand of the true North point, itis called Weſt Variation. 

So that it the Variation of the Compaſs be one point Weſt, then 
the Norch point of the Card or Needle, will coincide with the true 
North by Weſt point of the Horizon, the North by Weſt point of 
the Card with the North North Weſt point of the Horizon, the. 
Eaſt, South and Weſt points of the Card with the Eaſt by North, 
South by Eaſt, and Weſt by South points of the Horizon, Cc. and 
on the contrary, | | 

If the Variation be one point Eaſt, then the North point of the 
Card will coincide with the true North by Eaſt point of the Hori- 

 Ggg 2* | zon, 


* 


408 Pereparatory Rules 
20n, the North by Eaſt point of the Card with the North North 
Eaſt point of the Horizon, and the Eaſt, South, and Weſt points of 


the Compaſs, with the Eaſt by South, South by Weſt, and Weſt 


by North points of the Horizon, Cc. 

Whence it is manifeſt, that if a Ship ſail North by the Compaſs, 
and the Variation be one point Weſt, the true Courſe is North by 
Weſt, it ſhe ſail North by Welt by the Compaſs, her true Courſe i; 
North North Weſt ; and if ſhe fail either Weſt, South, or Eaſt by 
the Compaſs, her true Courſe will be Weſt by South, South by Eaſt, 
or Eaſt by North; and on the contrary, ., 

If a Ship ſail North by the Compaſs, and the Variation be one 
point Eaſt, then the Ships true Courſe is North by Eaſt; if ſhe (ail 
North by Eaſt by the Compaſs, her true Courſe is North North 
Eaſt ; and if ſhe fail either Eaſt, South, or Weſt, by the Compal, 
her true Courſe will be accordingly Eaſt by South, South by Weſt, 
or Weſt by North, Go. 

And the ſame Law will hold good let the Quantity of the Vari- 
ation be what it will. | | | 

From whence we may draw this General Method, for finding the 
true Courſe ; the Courſe ſteered, and the Variation being given: and 
that is to ſuppoſe your Self to ſtand in the Center of the Compaſs 
with your Face towards the point of the Compaſs upon which the 
Ship is ſteered, and if the Variation be Eaſterly, count the Quanti- 
ty from the Courſe ſteered, towards the Right-hand ; bur if the Va- 
. riation be Weſterly, count the Quantity towards the Left-hand, and 
the point of the Compaſs thus found, will be the true Courſe ſteered ; 
thus for Example, ſuppoſe the Courſe ſteered be North North Welt 
halt Weſt, and the Variation be one point Weſterly, then the true 
Courſe will be North Weſt by North half Weſt, one point more 
towards the Left-hand, or nearer to the Weſt, but if the Va- 
riation had been one point Eaſterly, then the true Courſe had been 
North by Weſt half Weſt, one point more towards the Right-hand, 
or nearer to the North ; and the ſame Method muſt be obſerved in 
all other Caſes whatſoever. 3 

And notwithſtanding the greateſt Care imaginable be taken, in cot 
recting the Ships Courſe, by making proper Allowances for the Varia- 
tion and Leeway, yet by reaſon of the many Accidents that attend 
a Ship in one Days running, ſach as the different Rates at which 
a Ship runs, between the times of heaving the Log, the want of a 


due Care at the Helm, by not keeping her ſteady, but letting her 
oP | yaw 
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yaw or fall off, ſuddain Storms, when no Account can be kept, ac- 
cidental Currents under Foot, Ce. the Latitude by Dead Reckon- 
ing is very often found to difter from the Latitude obtained by Ob- 
ſervation (the only certain. datum that Mariners have to depend up- 
on) and therefore whenever this is found to happen, Care muſt be 
taken that proper Corrections be made in the Courſe, Diſtance, Dif- 
ference ot Longitude, or wherever it may be judged neceſſary, and 
how that may be done comes next to be ſhewn. And, . 

1. If a Ship ſail under the Meridian, and the Latitude obtained 
by Obſervation differs from the Latitude by Dead Reckoning, there 
is an Error cither in the Courſe, in the Diſtance, or in both. 

1. It the Courſe be true the Error will be in the Diſtance, and 
will be ever equal to the Difference between the Latitude obtained 
by Obſervation and that given by Dead Reckoning. For Example, 

Suppoſe a Ship in the Latitude of 4odeg. 40 min. North, after 
having failed due North for the Space of 24 Hours, at the Rate of 
6 Knots an Hour, is found by Obſervation to be in the Latitude of 
42 deg- 52 min. North, it is manifeſt, that in this Caſe the Error 
in the Diſtance failed is Twelve Miles. 

2. If the Diſtance ſailed be true, then the Error will be in the 

Courſe; and this will occaſion an Error in the Departure, and to 
correct both we have given, the true Difference of Latitude and Di- 
ſtance ſailed, whence by the 3d Caſe of Plain Sailing, the true Courſe 
and Departure may be readily found. Suppoſe for Example, 
A Ship from the Latitude of 40 deg. 40 min. North, having ſail- 
ed due North by the Compaſs for the Space of 24 Hours, at the 
Rate of 6 Knots an Hour, is found by Obſervation to be in the 
Latitude of 42 deg. 52 min. and it be required to find the true 
Courſe and Departure ; having found the true Difference of Lati- 
tnde 2 deg. 12 min. equal to 132 Miles, it will be by the 3d Caſe 
of Plain Sailing, a | 

1. As the true Diſtance 144 Miles, to the true Difference of La- 
titude 132 Miles, ſo is the Radius, to the Co-ſine of the true Courſe 
23 deg. 33 min. And again, : 

2. As the Radius, to the true Diſtance ſailed 144 Miles, ſo is the 
Sine of the true Courſe 23 deg. 33 min. to the true Departure 5 2-74 
Miles, whence it appears that the trae Courſe is North 23 deg. 
33 min. Eaſt, or North 23 deg- 33 min. Weſt, and the true Depar- 


ture 52:74 Miles. 
3. But 
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3. But if neither the Courſe nor Diſtance ſailed be true, there wil 
| be an Error in both; and this will likewiſe caule an Error in the 
. Departure, and the readieſt way to approximate in this Caſe as near 

: the Trurh as may be, is to find an Arithmetical Mean between 
* the true Difference of Latitude and Diſtance by Eſtimation; and 
8 with this and the true Difference of Latitude, find the true Courſe 
- and Departure; thus for Example, 

Suppoſe a Ship from the Latitude of 40 deg. 40 min. North, ha. 
ving ſailed due North for the Space of 24 Hours, and at the Rate 
of 6 Knots an Hour, and after that by Obſervation is found to be 
in the Latitude of 42 deg. 52 min. North, and there being Reaſon 
to ſuſpect that the Error in Latitude ariſes from an Error in both 
Courſe and Diſtance, and it be required to find the true Courſe, Ge. 

Having found the Mean between the true Difference of Latitude 
132, and the Diſtance by Eſtimation 144, equal to 138, it will be, 
1. As true Diſt. : Rad. : : true Diff, Lat.: Co. ſine of true Courſe, 
That is, As 138 : 90.00: : 132 : CS, 16.57. And, 

2. As the Rad.: true Diſt, : : S. Courſe : true Departure; 
That is, As 90.co: 138 :: S. 16.57 : 40.23 Miles. | 

Whence it appears, that the true Courſe is either North 16 deg, 

57 min. Eaſt, or North 16 deg. 57 min. Weſt, ard the true Depar- 
ture 40.23 Miles. | 

The ſmaller the Angle of the Courſe, the leſſer is che Exceſs of 
the Diſtance ſailed above the Difference of Latitude, and conſequent- 

ly when the Angle of. the Courſe is ſmall, that is when a Ship 
ſails near the Meridian, a ſmall Error in the Courſe will occaſion lit- 
tle or no Error in the Difference of Latitude, provided the Diſtance 
ſailed be true, and therefore when a Ship ſails near the Meridian, 
and the Error in the Latitude be conſiderable, it is for the moſ part 
judged to proceed from an Error in the Diſtance ſailed, and accounted 
for eccordingly ; ſince it would require too great an Error in the 
Courſe, to cauſe a conſiderable Error in the Latitude; thus in the 
24 Example, to correct an Error of 12 Miles of Latitude in 144 Miles 
run, it will require an Error of above two points in the Courſe, which 
cannot well happen if due Care be taken at the Helm, and proper 
Allowances be made for Leeway and Variation, and theretore it is 
moſt reafonable to conclude, that the Error aroſe chiefly from a Fault 
in the Diſtance run, and that the Courſe had little or no Share in 
it; and hence it is, that when the direct Courſe is within two points 
of the Meridian, that the Error in Latitude is chiefly attributed to 
* | - an 
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an Error in the Diſtance run, and accounted for accordingly ; as 


l be ſhewn hereafter, 
_ If a Ship fail due Eaſt or Weſt, and the Latitude by Account 


= 4qigers from the Latitude by Obſervation, the Error muſt ariſe from 


the Courſe; ſince:no Error in Diſtance can occaſion an Error in La- 
titude, and conſequently to find the true Courſe and Departure we 
have given as before, the true Difference of Latitude, and Diſtance 
run, whence the true Courſe and Diſtance may be found, by the 3d 
Caſe of Plain Sailing; thus for Example, 

Suppoſe a Ship from the Latitude of 40 deg. 40 min. North, af- 
ter having ſailed due Eaſt or Weſt for the Space of 24 Hours, at the 
Rate of 6 Knots an Hour, and then by Obſervation is found to be 
in the Latitude of 41 deg. 35 min. North, and it be required to find 
the true Courſe and Departure made, . 

Having found the true Difference of Latitude 55 Miles, it will 
be by the 3d Caſe of Plain Sailing. 

1. As true Diſt, : true Diff. of Lat. : : Rad.: cs, true Courſe, 

that is, As 144: 55 * : 90.00 : Cs, 22.27 and again, 
As Rad.: Diſt. : : S. Courſe: Depart. that is, 
As 90.00: 144 : : 8. 22.27: 133.1 Miles. 

Whence it appears, that the true Courſe is 67 deg. 33 min. from 
the Meridian, and that the true Departure is 133.1 Miles. 

The greater the Angle of the Courſe, the nearer does the Depar- 
ture and Diſtance ran, approach to an Equality ; and inaſmuch as 
an Error in the Diſtance can occaſion no Error in the Courle, and 
little or no Error in the Departure; and that a conſiderable Error 
in the Courſe can cauſe no great Error in the Departure, hence it is 
that when the Courle is within two points of the Eaſt or Weſt, that 
the Departure in this Caſe is taken for the true Departure, and by 
the help of that and the true Difference of Latitude, is the true 
Courſe and Diſtance failed found. | | 

3. If a Ship ſail upon any Courſe between the Meridian and Pa- 
rallel of Eaſt or Weſt, and the Latitude by Account differs from the 
Latitude deduced from Obſervation, this Error in Latitude will 
cauſe an Error in the Departure; and ariſes either from an Error in 
the Courſe, in the Diſtance, or in both. And, 

1. If che Error be in the Diſtance, tho* the Quantity be not known, 
yet it the ſame run regularly thro' the whole Work, ig will cauſe 
an Error in the Difference of Latitude and Departure, but not in the 
direct Courſe ; wherefore, if the Latitude can be obtained by Ob- 


{er 
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ſervation, the true Diſtance and Departure may be eaſily had, and 
conſequently the Error it ſelf in the Diſtance. 

For having found the true Difference of Latitude from the Lati- 
tude of the Place the Ship was in the Day before, and the Latitude 
obtained by Obſervation. Say, 7 

As the Difference of Latitude by Account, 

To the true Difference of Latitude ; 
So is the Departure by Dead Reckoning, 
To the true Departure. 

And ſo is the direct Diſtance by Dead Reckoning, 

To the true direct Diſtance. pe | 
; r, 

Sois any particular Diſtance run, 
To the true correſpondent Diſtance. - | 
+. Suppoſe for Example, that a Ship from the Latitude of 40 dep, 

40 min. North, after having ſailed upon ſeveral Courſes for the Space 
of 24 Hours, is found by Account ro have made 85.05 Miles 0: 
Northing, when the Latitude by Dead Reckoning will be 42.0; 
North, and 75.75 Miles of Weſting, whence the direct Courſe wil 
be found to be North 41 deg. 35 min. Weſt, and the direct Diſtance 

114.1 Miles, but by a good Obſervation I find the Ship to be in 
the Latirude of 42 deg 18 min. North, and knowing the Errot 
to proceed from a Fault in the ſeveral Diſtances run, I would know 
the true Departure, Cc. l 

Having found the true Difference of Latitude 98 Miles, from the 
Latitude the Ship was in the Day before, and the Latitude obtained 
by Obſervation it will be, | 

As the Comp. Dif. Lat. 85.05, to the true Dif. of Lat. 98; ſo is 
the Comp. Dep 75.75, to the true Dep. 87.28: And ſo is the 
Comp. Diſt. 114.01, to the true Diſtance 13 1.47. ; 

So that the true Departure is 87.28 Miles, the true direct Courſe 
is North 41 deg 35 min. Weſt, and the true direct Diſtance ſailed 

131.47 Miles. 8 

2. If there be an Error in the Courſe, tho' the Quantity be 
not known, yet if it be regular, that is, if it run equally the 
ſame, and the ſame way throughout the whole Days Work, the di- 
rect Diſtance will notwithſtanding be true; and the direct Courſe 
will difter from the true Courſe, the ſame in Quantity and the ſame 
way; wherefore, it the Latitude can be obtained by Obſervation, 
the trueCourſe and Departure may eaſily be had, and conſequently 
the Error in the Courſe it ſelt. | Ha- 
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For having found the true Difference of Latitude, by the help of 

the Latitude firſt given and the Latitude obtained by Obſervatioa, 

it will be by the 3d Caſe of Plain Sailing, | 
As the true Diſtance ſailed, - 

To the t ue Difterence of Latitude; 

So is the Radius, 
To the Co- ſine of the true Courſe. And again, 
As the Radius, | 
To the Sine of the true Courſe ; 
So is the true direct Diſtance ſailed, 


To the true Departure. | 
Suppoſe for Example, that a Ship from the Latitude of 44 deg. 


30 min. North, after having ſailed upon ſeveral Courſes for the Space 
of 24 Hours, is found by Account to have made 87.3 Miles of 
Northing, and 51.9 Miles of Weſting, whence the direct Courſe is 
North 23 deg. 55 min. Weſt, and the direct Diſtance 127.98 Miles, 
but by a good Obſervation I find the Ship to be in the Latitude ot 
45 deg. 50 min. North, and knowing the Error to be in the Courſe 
only, I demand the true Courſe and Departure. | 

Having foundꝰthe true Difference of Latitude 80 it will be, as the 
true Diſt. 127.98, to the true Diff. of Lat. 80; ſo is the Rad. to 
the Co- ſine of the true Courſe 519 12'. And, as the Rad. to the 
Sine of the true Courſe 51* 12, fo is the true Dilt. 127.98, to the 
true Departure 99 51. So that | 

The true Courſe is North 5 1 deg- 12 min. Weſt, and the true D. 
parture 99.51 Miles, „ 

The Reaſon of all which is very evident from the Properties of 
Similar Triangles, and the common Method of conſttucting of Tra- 


verlee: 
In either of the former Caſes, if the Error in the Courſe or Di- 


ſtance be irregular, the whole Days Work muſt be Wrought over a- 
gain; and the proper Corrections muſt be made in their proper pla- 
ces. | 
3. In comparing the Latitude by Dead Reckoning, with the La- 

titude by Obſervation, (all proper Allowances having been made 

for Leeway, Currents, known Errors in the Courſe and Diſſance, 
Cre.) they are found ſtill to diſagree, there is ſome unknown Error ei- 
ther in the Courſe, or in the Diſtance, or in both; and in order to 
come as near the Truth as may be in this Caſe, obſerve, _—_ 


Hhh* 1 That 
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1. Thar if the Courſes are for the moſt part near the Meridian, 
and that the direct Courſe be within two, or two points and a half o 


the Meridian, that the Error (for the Reaſons given in the 210 | 


Page) proceeds from ſome Fault in the Diſtance.run, whe | 
— — Courſe, Diſtance, and Departure. ; E r find 
Having found the true Difference of Latitude ſay, 
As the Difference of Latitude by Dead Reckoning, 
Is to the true Difference of Latitude made , 
So is the Departure by Dead Reckoning, 
To the true Departure. bolig! 1 1 15 
Whence the true Courſe and direct Diſtance failed may be found 
by the 4th Caſe of Plain Sailing. 8755 . 


Example. 


A Ship from the Latitude of 48 deg- 20 min · North, having ſailed 
upon ſeveral Courſes for the Space of 24 Hours, is found by Dead- 
Reckoning to be in the Latitude of 45 deg. 52 min. North, and 
to have made 61.4 Miles of Eaſting, but by a good Obſervation ſhe 
is found to be in the Latitude of 45 deg. 40 min North, I demand 
the true Courſe, Diſtance ſailed, and Departure. 5 
7 57 1 Having found the true Difference of 
Latitude A B equal to 160 Miles, it 
will be, as A 6 the Difference of Lati- 
. tude by Dead-Reckoning 148, to AB 
the true Difference of Latitude 160, 
ſo is bc the Departure by Dead-Rec- 
koning 61.4, to BC the true Depat- 
trure 66 4 Miles | 
For, Sec 
Wbence by the 4th Caſe of Plain 
9.5] Ihe Sailing, the true Courſe will be found 
to be South. 22 deg. 32 Eaſt, or South South Eaſt nearly, and the 
true direct Diſtance 173.2 Miles. 8 | 
2. If the Courſes are for the moſt part near the Parallel of Eaſt 
and Weſt, and the direct Courſe be within 5+/and 6 points of the Me- 


©ridian, and tho? there may he an Error both in Courſe and Diſtance, 


yet the Departure will be very nearly true, (for the Reaſons given 


in Page 411) and thence by the help of this and the true Diſſe- 


&@ rence 
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ce of Latitude, may the true Courſe and direct Diſtance. be 
readity found, by the 4th Caſe of Plan Sailing. 


Example. 


Suppoſe a Ship from the Latitude of 43 deg. 50 min. North, af- 
ter having ſailed upon ſeveral Courſes for the Space of 24 Hours, is 
found by Dead Reckoning to be in the Laritude of 42 deg. 45 min. 
North, and to have made 160 Miles Weſting, but by a good Ob- 
ſervation the Ship is found to be in the Latitude of 42 deg. 35 min. 
North, I demand the true Courſe and direct Diſtance ſailed. * 

Having found the true Difference of Latitude 75 Miles, by the 
help of this and the Departure 160 Miles, the true Courſe by the 
4th Caſe of Plain Sailing will be found to be South 64 deg. 53 Weſt, 
or Weſt South Weſt 4 Southerly nearly; and the true Diſtance 176.7 

iles. 12 2 | 
1 It the Courſes are for the moſt part near the middle of the Qua- 
drant, and the direct Courſe be within three and fix points of the 
Meridian, the Error may be partly in the Courſe, and partly in the 
Diſtance, and this will cauſe an Error both in the Dilerench of Lati- 
rude and Departure; and conſequently in the direct Courſe and Di- 
ſtance made that Day, and to correctas near as pollible in this Caſe. 

Having found the true Difference of 1 by the help of 
it and the direct Diſtance dy Dead Reckonin „find a new Depar- 
ture, the Arithmetical Mean between this — the Departure given 
by Dead Reckoning, will be very nearly equal to the true Depar- 
ture, whence the true Courſe and Diſtance may be readily found : 
or it greater Exactneſs be required, by the help of the Departure by 
Dead Reckoning and the true Difference of Latitude, find a new Di- 
Rance and direct Courſe, and the Mean between this Courſe or Di- 
ance and the Courſe or Diſtance obtained by the true Difference of 
Laude: erer laſh fou d, vi ige, a new. Couric or Di- 
ſtance; ſufficiently true for all Nautica View 3 and may therefore 
without ſenſible Error be taken for the true Courſe or Diſtarce, 
_ whence the true Departure, Cc may be readily found; or having 
found a new Departure, by the help of the true Difference of Lati- 
rude and Courſe, the middle between this and the former Depar- 
ture, will give a new Departure ; whence the true Courſe, &c. may 
be obtained; the Reaſon of all which is ſo evident from What has 
been ſaid before, that it needs no Explanation. So that 

, | | H h h 2 * Sup- 
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Suppoling a Ship from the Latitude of 45 deg. 40 min. North, 
after naving ſailed upon ſeveral Courſes between the South and Eaſt 


4 


for the Space of 24 Hours, is found by Dead Reckoning, to be in 
the Latitude of 43 deg. 40 min. North, and to have made 116 Miles 
of Eaſting, but by Obſervation to be in the Latitude of 43 deg. 50 
min. her true direct Courſe by the former Method of Inveſtigation 
will be found to be South 47 deg. o5 min. Eaſt, and her true direct 


Diſtance 161-55 Miles. 


And if it ſhould happen that the Error ariſing from any one of 
the aformentioned Cauſes, ſhoujd remain undiſcovered for more than 
one Day, ſo ſoon as it is found out the whole Work muſt be corted- 
cd, and each Day muſt have its proportional Allowance. 


The true Difference of Latitude and Departure being thus obtain. 


ed, the Latitude the Ship is in may be readily found, by the 2d Def, 
of Section the 1ſt, the direct Court. and Diſtance the Ship has ſailed 
by the 4th Caſe of the 2d Section, her Alteration, or Difference of 
Longitude, by the 8th Caſe of Mercator's Sailing ; alſo her Bearing 
and Diſtance from her intended Port, after the manner taught in the 
2d Example of Traverſe Saili | 55 UE 

Alſo by compoundin ene Differences of Latitude and De- 


por made every 24 Hours, after two or more Days run, in the 
' Jame 


manner as we compound the ſeveral Differences of Latitude and 
Departures, anſwering rocach fingle Courſe and Diſtance ſailed, may 
the Difference of Latitude and Departure between the Ship and het 
firſt Port be found, and thence her Bearing and Diſtance from the Place 
from whence ſhe took her Departure, by the fame qu Caſe of Plain 
Sailing. We. | GD an HT JING 
And for a General Example to the preceding Rules, I have added 
a Specimen of Six Days Work, taken off from the Zog-Board, with 
the Form of the Log-Book, and the Way and Manner of working the 
ſame, by making all proper Allowances where requiſite, and which 
contain within thewſelyes as great a Variety as can well happen in 
ſo ſhort a Space of Time. © 
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Obſervations and Acc. 
dents; D March 12, 1721 


| Moderate Gales ang 
fair Weather, at Four this 
Afternoon I took my De- 


North North Eaſt, Diſ- 


to be one point Weſterly. 


parture from the Lix ard in 
the Latitude of 50 deg. oo 
min. North, it bearing 


tance five Leagues. 


. 


The Gale freſhening and 
being under all our Sails. 


The Variation I reckon 


WW 7 
0 p 4 CS 3 
4 0 


1. For 


6 . 


_ 
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and manner of working & correcting of Days Works. 41 9 | 


cots Come Diſt. | North. | South. Faſt. | Weſt. | EY 
. 

"South Weſt 7 — | 22.6 9 23.6 
"$8W | a5 | — | 5964. — 
South by Wel 48.5 — : 47.6 7 IK tb 
vos [a = [aa] 


1. For the direct Courſe, ſay by the 4th Caſe of Plain Sailing, 
As Difter. Lat.: Depart. : : Rad. : T. Courſe. 


That is, As 150: 70.5 3: : 90.00: t. 25˙1U 2. . | | 


2. For the dire& Diſtance, ſay by the 2d Caſe of Plain Sailing, 
As the Rad. : Secant of the Courſe : Diff. Lat.: Diſtance. | 


That is, As 90-00: Secant of 25 . Ty 22150: 165-7; | | 
| | 8 


N 
WM —— 


3. For the W e of Longitude it will b᷑e n 

is the prop. Diff. of Lat.: Merid. Differ. of "OY : Depart. :| 

Difference of Longitude, That is, Ee 
As 150: 227-6: : 70.51: 10%. 


So that this Day I have made my Way good South 25 deg; 11 
min. 3 Weſt, Diſtance 165.7 Miles, my Difference of Longitude be- 
ing 107-05 Miles Weſt, or 1 deg- 47 min. Weſt, and Latitude by 
Account 47.30 min, North. ö 


At Noon the Lizard bore from me "uy 25 _ 11 min. ; Eat, 
| Diſtance 165% Miles — — 
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SM by Ss 


Stay-ſails 


| e 
| South by Veſt | 
EY 


Winds. 


E S E 


— — — 


South Eaft || 
ET. 
South Welt | 
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| 1 


ESE 


— — — — 


1 
South Weſt 


— — — —— 


Tack d to the Southward 
South | WSW 
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he Form of keeping 


Obſervations and Acc; 
dents, dS March I3, 1721 


The firſt part moderat 
Gales and fair Weather 
The middle and lat 
part freſh Gales and clou- 


dy- 


To the beſt of my Judg4 
ment we make one point 
Leeway. 


Variation as | before 
one point Welt. 


and Manner of working & correcting of Days Works. 411 
F * | 1 2 2 ; 


— 


— 3 1 
ous coral Diſt. || North. South. | Eaſt. Weſt. 
SSW 46-5 5 os 42-97 — | .178 | - 1 
ee , 4 
South 24 — 124 "Us — 
South Weſt 20, — | I 4. — | 14.1 | 
WNW 18. 6.8 — BEE: | 16 | 
— — 
6.8 | 143-9F] 9.2 | 566 . 


6:8 8 9.2 


E . 474 1 


— — 


And proceeding after the ſame manner as in the former Day 
Work, we ſhall find the dire& Courſe to be South #9 deg. 04 min. 
Weſt, Diſtance 145:1 Miles, the Latitude the Ship is in by Account 
45 deg. 12 min. 18 2 North, and the Difference of Longitude made 
68.67 Miles, or 1 deg. 8 min.: Weſt ; whence to find the Bearing 
and Diſtance from the Lizard, it will be by the 4th Caſe of Plain 
Sailing, as the Sum of the two Differences / of Latitude (becauſe 
they are both Squtherly)or whole Southing, to the Sum of the two 
Departures (becauſe they are both Weſterly) or whole Weſting ; ſo 
is the Radius to the Tangent of the Courſe. 25 

That is, As 287.15 : 117.9: : 90-00 : t, 22.191. | 
And again, As Rad: Sec: Courſe :-: Diff. Lat.: Diſtance. That is, 
As 90.00 : Sec. 22-19: : : 287-17 : 310.4. So that 
At Noon the Lizard bore North 22 deg. 19 min. Eaſt, Diſtance 
310.4 Miles. Iii * | The 
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K Courſes. 


I Guth Eaſe 


— ak | — none moaeomenamns 
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the Form of keeping 


Winds. 


— — — 


South 
| 


— 1 


Tack'd and kook a Reef 


wsw | 


| 


| Cloſe Ree 
Weſt 4 


Obſervations and Acci- 
dents ꝰ March the 14 1721 


—— —— — —— — [ 
The firſt part fre 
Gales and Pars Wes. 
ther, the middle and lat 
ter part hard Gales an 

ſqually with Rain. 


— 


in each Top-ſail 


Making in (my Opini- 
on) two points Leeway 


| Tot in the/ForeTop-ſaill 


marem——t —_ e_——_—_—_—__— _ 


Handed M. 


Making about 2 5 Lee-| 
way. 


Variation 1 point. Weſt 
Making (to the beſt of 


2˙•»„ 


— 


my 28 4 poin 


Lat per Obſerv. A4 46. N 


By 


By proceeding after the ſame manner as K. oe laſt Days Wark; 
I find that I have made my way good South 4 — 35 min. Weſt, 
Diſtance 38.03 Miles, my Difference of be ing 35.7 Miles, 
and Latitude y Account 44 deg. amin. . So that, 


At Noon the Lizard bore from me North 2 24 min. Eaſt, 
Dita 93 4 Wow" a Eaſt, 


11 „ 


Iii z * For 


— 


* 


. b - | 1 0 
6 v N 1 * . 
= — = — — PP + 
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1424 * The Log-Book, with the Form of keeping 
=. 1 — 
H | H. K. Courſes. | Winds. Obſervations and Acci- 
| 489 | dents, March N I5, 1721, 
— — — — - — 1 8 
e. SouthbyWWeſt For the moſt part ion 
2324 31. 7 . IJ Gales of Wind and ſqual 
© * 525 RA ly 3 with Rai 
— — — — ——— an . ; 
i413} NV by W| South Weſt | 
$| 3] z * | 
419 3] 2 | 
— * „ — * 
| 7] 3] x ReeftCourſes Leeway about 4 poi 
8 3 | 
n 
10 3 NM by N. wn, Variation 1 point We 
11 | — 
. 12 4 
13 Wore [Ship | 
4 2] 3] aut by Eaſt] | 
PER Voöolent Squalls 
4] 3 _ Ky 
513 Handed Fore Sail Loeeway about 51 point 
62 |terribleStormof Wind . 
r — [Leeway about 6; poi 
88 2 Handed Main Sail] Lying a Hull, Leeway 
{9] 2 . about 7 points. 
[x1] 2 * Mi- zen Sail | 
121 11 2 | | Lat, by Obſerv. 4525 N. 


"a 
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aud Manner of working & correfting of Days Works. 425 
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[Courſes Correct. | Diſt, | North | South. | Eaſt | Weſt 
| NW by W 10.5 5-8; * [ — 8.7 


NNW halt W 6 3-3 r — 2.8 
North half Eaſt | 12 11.94 — 1.2 — 
Es E half E 1 | — 25 113 


EbyShafE | 75| — [on | 35 — 
bb 
e — „ 
. 322 2 og 25 I "i 
r 


This Day I have made my Way good, Allowance being made for 
the Error in Latitude, North 23 deg. 35 min. Eaſt, Diſtance 42 66 
Miles, my Difterence of Longitude being 17.2 Miles Eaſt; and true 
Latitude 45 deg. 25 min, North. | 

At Noon the Lizard bore from me North 24 deg. 36 min. Eaſt, 
Diſtance 302.4 Miles. The 


” "> _— a * 
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H K f K Courſes. | Winds. Oblatraticas and Acci- 
— R ? March 16, 1721] 
—— f 
1161 South by Eaſt WS WW The firſt 
dl i 2. | Gales of Wind, x ders = 
2 3 1] 1 : | | | tent Squalls : The middle 
| 1 5 —] hard Gales, the latter ve. 
4] 1 I | ry freſh 7 * but more 
75 al 1 [Set the Mizon Leew. 6: pts] moderate Weather. 
. = K. 3 5 Ber 
# = 
80 2 . 
7 et NI. Sail Lew. 5. Pes 
| * 1 „ Variation 1 point Weſt 
110 2] 1 | 
12 2] 1 : | | 
[| bpS] ofs.E. | WSW | 
3 : 
: — — We drove abou 
— 15 . __— rove t two 
4 up SEof os — Weſt Miles an Hour, aer 
: 6] 3 8 E. half F 8 South Weſt _ — F 
731 | Leruey RS WY points 5 . 
| 18] 3 Let the Reefout ofCourſes Leeway about 4 points 
t „ | 
1 
of- 3} © © fact M. Iop- all 
b 4 1 [ wh 1 cb Sent 
11 


deg. 32min. No 


. — —_— _— — 


| 
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and manner of working & correcting of Days Works. 427 
| Be 1 e, TO I IG 
[Courſes Comes Dil. North. | South. | Eaſt. | Weſt. 
Ee We 75 | ns | > | nat | ng 
. . LI 
Eaſt 5 South 75.] — of | 745. | = 
EbyNhalt N['4 | is | — 2 
Faſt .| 15 | — — | 15-0 — | 
Eaſt half South | 7. | — ] | 7 — 
ITSEEHHE | o. — 2 | 86 . 
| e 
. 
Et | 


This Twenty-four Hours 7 have made my Way good North 84 
deg. oo min, | Eaſt, Diſtance 57.5 Miles, my Difference of Lon- 
vitnde being $r.3 Miles, or o1 deg, 21 min. Eaſt, and the Lati- 
tude by Qbſervation 45 deg. 36 min. North. 


At Noon the Lizard bore from me North 14 deg. 23 min. Eaſt, 
Diſtance 276.7 Mites. . 8 


i 
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428 The Log-Book, with, the Form of keeping 
alk H. K Courſes | Winds, | Obſervations and Acci. 
| ; 125 dents, Þ March 13 1721 
Fr The firſt part fiel 
14 ˙4 522 4 - Gales and fair Weather. 
1314] 1 The middle and latter 
1 — — part moderate and hazy, 
4) 4] 1x [South by Weſt Weſt by South) 
6| 4 1 [Set Fore-top- (ail wel 
| 5 ; Leeway about;2 points ; 
£5 - + 5 
19,5 Jn | 
10 5 |Ler the Reeſs;outof the T. S] Leeway about 1 point 
110 6 * a + 
3 EM 6 | | 4 
FF 1 = 3 The Error in my Lati 
| 2| 6 South Weſt N N | tudel judge to be occafi 
3 6 . oned by à ſwelling Se 
6:8 OW | 1 — — — — ſetting N. E. by E. at th 
4.600 1 Rate of about of a Mile 
5 ; | | | | | "an Hour. 
6 : | N NE on 
ſy | mie | I  Vatlationz point Wel. 
8 7 | | 
19 8 SW by W a 
r FI 2 : 2 
- 1 8 1 | : a my” 
Iril 8 Latitude by Obſervati- 
. 0n 43 degs 42 win, North 


— A 


This way of mentioning the Leeway allowed in each Courſe, and the Quantity ot 
the Variation, tho it be a thing not uſually practiſed, yet I can't but think it is very 
neceſſacy, fince by this Means a Perſon is capable, if need be, of over-looking a Whole 
Voyage, and vorrecting any Miſtake that may have ſlipt in, during the Whole Time; 
arhich other wiſe he can't well do. | This 


* 1 33 ; * " | od 
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and Manner of working & correcting of Days Works 429 . 


[Courſes Correct. Diſt. | North. | South | Eaſt Wen 1 
NI nod. Th on, 935 Fooagt fn 5 
SEUS | — | ih | 35 Þ al 
„ ER 
> [Sou by Ea 18 As 177 3.6 ſe 
| chSouthWelt . — RY 2 8 4 
1 PS IT ao ging; „ 
| South Welt 32 — 22.6 — 
"> ru nent a” 9 
Error 10.1 | = um FL 
T. Diff. Lat. N — naar? | 
I 
T. Dep. - 2 


This Twenty-four Hours I have made my Way good, proper 
Allowances being made for all Impediments, South oo deg. 32 min. 
Weſt, Diſtance 110.01 Miles, my Difference of Longitude being 


1.47 Miles, and the Latitude I am in 43 deg. 48 min. North. 


At Noon the Lizard bore from me North 10 deg 29 min. Eaſt, 
. Diſtance 38 35 Miles. | <1. 
K k k * . The 
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430 The Solution of the former Days Work. 
The Method here made Uſe of for finding the Difference ot 
Longitude, Cc. from the Sum of the ſeveral Departures made in 
the Space of 24 Hours, tho' it be generally practiſed, comes very 
-near the Truth in ſmall Runnings, and anſwers in a great meaſure 
all the Purpoſes of Wavigation, yet inaſmuch as it is certainly Er- 
roneous, as has been plainly made appear in the 300d Page, it were 
much to be wiſhed that our Samen would be ſo far prevailed upon, as 
to work every Days Work according to the ſtrick Rules of Mercator's 
Sailing, after the Method taught in the ſame Page, it being very 
eaſy, and requiring very little more Time than» the common 
Method by Plain Sailing, and to encourage the diligent Navigator 
in the purſuit of this Method, I ſhall give an Example of the firſt 
Days Work, after the manner ſhewn in the 300d Page, with the 

Solution of the other five Days Work, after the ſame Way. 


Latitude 50.0 3474.5 
1/t Difl. Lat. 22.6 5 350 350 
49.34, 3439˙5 
| 53 8 89.71 3.7 
8 48.38.75 3349.74 5 
. | 71.42 14-2 
47-51-12 3278.3 
| 2112 31-4 21.0 
4232 3246.9 


In the firſt Column you have the ſeveral Latitudes anſwering to 
each Courſe and Diſtance ſeperately, obtained by the help of the 
Latitude firſt given, and the ſeveral Diferences of Latitude made, 
in the 2 Colum you have the Meridional Parts anſwering to each, in 
the 3d Column you have theMeridional Differences of Latitude, and 
in the 4% Column you have the correſpondent Differences of Lon- 
gitudes, taken out of the common Træverſe Table by Inſpection; all 


. which may be performed with greatEaſe, in much leſs than a quarter 


of an Hours Time. 
And after ſo eaſy a Way has been paved, jt will be very ſurpri- 


. ſing, if People ſhould ſtill go on to make Uſe of tentative Methods, 


and amuſe themſelves with Departure, Cc. which ſerves for 
no other Purpoſe as I know of, but to confound their Heads, and 
keep them in Ignorance ; and if thoſe to whom the Care of young 


Beginners are committed, would but encourage and promote this Way 
A 


of Solution, it would ſoon be univerſally practiſed. 


* 
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. N V | Difference of Latit. jVifterence of Ton 
Courſes Corrected. Diſtance. "K ATE Der 
South Weſt _ . 232 6 — 35.0 
Sourh South Wed. 3. — 37 
_South by Weſt 48... J_42.5 — 1 

| F. - Wh W.byS. L 255 | -— 7 21.1% — | 210 
gon [_ Ditt [of Latit, —{T50.0 Long 107.4 © | 


To find the direct Courſe it will be by the 24 Problem of Mercators Sailing 
As the Merid. Dif. of Lat.: Diff. of Long. : : Radius: T. Courſe. 
That is, As 227.6: 107.4 : : 90.00 : t,25%15", 
o find the direct Diſtance, it will be by the ſame Problem, . 
As the Radius: Secant Courſe : : proper Diff. Latit. : Diſtance. 

As 90.00 : Sec. 25 15* :: 150 : 165-9 ; whence 
it appears that my direct Courſe is South 25 deg, 24min Weſt, Diſtance 
failed 165.9 Miles, Difference of Longitude made 10) 4 Miles, or 1 deg. 
47 min. 7 tenths Weſt, and Latitude 47 deg 30 min. fo that 


At Noon the Lizard bore from me N. 25? 15” E. Diſtance 165 9 Miles. 


„ 2 ifference of Latit. Difference of Longit. 
Ear Corrected- Diſtance n E FT — g | 
outh South Welt | 46.5 | - 42.92 — 26. 
_ South by Weit 41. 407 [|_—— 118 J. 
South 24. — 24. — 1 
South Weſt- |. *- © 266k — I 20,2 
Welt North Weſtf 18. 6.8 — 23.7 
South South Eaſt | 2 4+ 1 22.2 13.1 — 
„ 143-95 | 13-1 Irs 


1 


6 413 
Diff. of Latit 137.1 * Diff. Long 68.7 


— 


The direct Courſe made this Day is South 19 deg. 04 min. Weſt, the 
- Diſtance 145.1 Miles, the Latitude the Ship is in is 45 deg 12 min, 8 
tenths North, the Difference of Longitude 68.) Miles, or 1 deg. 8 min, 


7 tenths Weſt, . 


At Noon the Lizard bore N, 22 deg. 29 min, E. Diſtance 310.8 Miles 
| Kkk ky 1 The 
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* | Difference ot Latit. 


Courſes Corretted. [Diſtance. —— . | 
| North South 
South South F. [TH —— 16.6 


| South Left I * — 
Fat South Eait | T6.5 | -—” ns 
| Welt South Weſt| 20 W* a 
Weſt by North |] . 2.6 | | 
W. N WAW. | 16. 5.4 1 
— by Wen 10. 5 7 
| 1 —— 
111 43:2 ; 


Diff. Latit] 28.3+ 


| Difference of Lonoit.J 
Eaſt r 
r ſt 4 
— — 
1 
21.3 — 
— . 
— 1258 
— I 
— 21.2 
LT) 
49. 4-7: 
49. | 


ng | 3575, 


The dire& Courſe made this a is S. 43 deg. 15 min. W. the direct 
Diſtance is 38.93 Miles, the Latitude the Ship is in is 44 deg. 46 min, N. 


and the — of Longitude made 3 5.7 Miles Weſterly. 
At Noon the Lizard bore N 24 deg, 33 min, E. diſtance 345.2 Miles, 


8 4 BY 
| Courſes Correbte Diſtance. LD LD — e 
North WeſtbyWeſt|To5 7 — — 8 
North North Welt 10.5 | 9.7 — — 6 
N. N. W. 7 W. 6. 3 . n 5 
Freese —.— 2 — 
r . — 
r 
C Eaſt halt North | 06 of — Se ee 
| Eaft BeY 2] — — | 21 8 
; | a. 5 @ 28 1 
© A ps: 22.1 
bs Ie; [Diff Long, 
f Error 
Ii. D Lon. 


The direct Courſe made this Day is N. 20 deg. 55 min. E the direct Di- 
ſtance 41.75 Miles, the Latitude the Ship is in is 45 deg. 25 min. N. and 


the Difference of Longitude made 22. 1 Eaſt. 


At Noon the Lizard bore N. 24 deg. 55 min. E. Diſtance 303.2 Miles. 
; The 
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- * Difterence of Latirude.j Difference of LCugit. a 
urſes Corrected Dine North. | South, | Eaſt. | Weg. 
- Faſt by North 7.5 1.5 | —— 11.5 — 
Fail half North |_$. 6.8 | [1099 | —"| . 
|” Eaſt 5 Sout 7-5— kw , | Og — 
E. by N. half N. 4. 1.2 5 jones, 
EE. 1153. Ly r | » 
"Faſt half South | . — De. LLL *Þ_ . wo 
TE. . E. halt E.! 9 | _ — 1 — 
e e F. [Dif Long 
— 1 
Departure. 017 | 


The direct Courſe made this Day is N $3 deg, og min. E the direct Di- 
ſtance is 58 Miles, the Latitude the Ship is in is 45 deg. 32 min. N the 
Difference of Longitude made is 82. 3 Miles, or 1 deg. 22 min. 3 tenths E. 
At the Noon the Lizard bore N. 15 deg 07 min. E. Diſtance 27.6 Miles. 


a Difference of Latitude, |Difference of Longitude 
[Courſes Corrected. Diſtance. ä Was aim. 
South. Eaſt I 3.5 9.54 mr” 3.6 — 
| SEbyS [13.5 — 112 [ 10.77 — 
South South Eait 20. — 18.5 3 — 
South by Eaſt 18. er 17 I ih, > ay 
South South Weſt 24. ISS Pope 22.2 — |. 12.8 
bs. [225 —— 18.7 are 17 5 
E South Welt. 72. — 111 — J 31.0 
Difference ot Latit. 20.45 40. T f 613 
rror| 10. 40.1 
Difference of Latit 1 10.47 21.2 
Error —.— 
Diff. Long. . ” 


The direct Courſe made this Day is South oo deg. 22 min. Weſt, the 

direct Diſtance 109 Miles, the Latitude I am in is 43 deg. 43 min. North, 
and Difference of Longitude made 0-1 Miles. 

At Noon the Lizard bore N. 11 deg. 03 min, E. Diſtance 384 1 Miles. 

. The 
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" 434 .. Preparatory Rules - 
The Difference of Latitude and true Difference of Eongitude he. 
ing obtained, after the former manner, the true Courſe and dired 


' Diſtance may be readily found, by the 2d Problem of Al. ercator's Sail. 
ing, as has been ſhewn in the preceding Example. | | 


And by adding or ſubſtracting the Difference of Longitude made 
each Day, to or from the whole Difference of Longitude, that is, 
the Difference of Longitude between the Place from whence the 
Ship took her Departure, and the Place ſhe was in the former Da 
at Noon, (according as the Caſe requires) it will give the Difference 
ol Longitude between the Ship and her firſt Port. 


With this Difference of Longitude, and the Latitude of the Place 
from whence the Ship took her Departure, and the Place ſhe is in, 
may her true Bearing and Diſtance from her laſt Land be found, by 
the 24 Caſe of Mercator's Sailing; and laſtly with the Difference of 
Longitude between the Place the Ship is in and the Place ſhe is bound 
to, and the Latitudes of thoſe two Places, may her direct Bearing 
and Diſtance from that Place be determined, by the ſame Caſe, 


And in keeping an Account after this way, if any Errors ſhould 
ariſe from any of the aforementioned Cauſes, they are to be correc- 
red after the ſame way, and by the ſame Method as is heretofore 
Taught ; only inſtead of the common or proper Difference of Latitude, 
vou mult uſe the Meridional. 


The Rules and Inſtructions here delivered being well underſtood, 
nothing more remains to be done to compleat this Part, but to give 
the induſtrious Navigator a few General Directions, how to proceed 


from the Beginning, and ſhew him after what manner the whole 
Work muſt be Journalized. And | 


1. He ought to meaſure his Zog-line, and ſee if it be of a juſt 
Length, it not, -to be ſure to make proper Allowances for it. 


2. He ought to meaſure his. Half minute Glaſs, not only at the 


| beginning of his Voyage, but as often as he ſhall he judge it conve- 
nient, or have juſt Reaſon to ſuſpect that it does not keep juſt Time. 


. 3. AS 


. 
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3. As often as he has Opportunity, he ought to take the Azi- 
muth and Amplitude of the Sun, not only to 1 rw the Varia- 
tion, but to find whether or no, the Compaſs it ſelf be not faulty ; 
or be not diverted from its proper Direction, by ſome accidental 


Cauſe, which may very often happen. 


4- He ought to omit no Opportunity of finding the Latitude from 
Obſervations made, either of the Sun or Stars, this being the chief 
Thing to be depended upon, and the only certain Datum by which 
a Reckoning is confirmed or rectified, | TEE 


5- No Opportunity ought to be neglected of trying of Currents, 
inaſmuch as in the ſame place the Setting and Drift of the Current 


has often been found to differ. 


6. Having taken Care to correct each Courſe, by making proper 
Allowances for the Leeway and Variation if there be any) ſet 
down each correct Courſe and its correſpor dent Diſtance one 
under another, after the manner ſhewn in the Log-Book, and if the 
Ship has failed, in a Current or Tides way, or in a ſwelling Sea, 
that ſets to Leeward, the Setting and. Drift of the Current, Tide, 
Cc. muſt be orderly ſet down as another Courſe and Diſtance, and 
worked accordingly ; and the whole Days Work being finiſhed, if 
the Latitude by Dead Reckoning or Account, agree with the Lati- 
tude by Obſervation, then is the Reckoning confirmed, and the place 
of the Ship truly determined; but if they are found to diſagree, 
then as the Phraſe is, the Ship hath out run her Reckoning, or the 
Reckoning hath out run the Ship ; and there is ſome Error either in 
the Courſe, or in the Diſtance run, or in both; and how theſe may 
be rectified, and proper Allowances or Corrections made, has been 


luſficiently ſhewn already. 


The Errors (if there be any) being adjuſted, and the Days Work 


© finiſhed, the true Latitude of thePlace the Ship is in, her Difference of 


Longitude made, her true Bearing and Diſtance from the Place from 
whence ſhe took her Departure, and the moſt remarkable Tranſac- 
tions of the Day muſt be diſpoſed of, after the manner following, 
(which is ſo very plain that it needs no Explanation) and which is 

called the Form and Manner of keeping a Journal. | 


A 


n 
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l PD 14 R N 4 L from the Lizard towards Barbadoes, in the Ship Good - 
Succeſs, A. B. Commander. 


eel] Month. Hon i Dire Latitude iu hie Diff. [Bearing and Bill. Re mar table Obſervations and Ac] 
Dag Tear, [Days a Courſe. leg Corrett. | Long. made. from the laſt Landy  cidents, - 
Y | March. | 12 lat d W by WITS 25.15 M 165.5 47.30 | 1* 47/,4W] :\t Noun the] Moderate Gales and fair Weather 
SS Wand 15 Eaſt, Diſtance Departure from the Lizard, bear- 
_ South Weſt Ll 2 1659 Miles. ing North North Eaſt 5 Leagues. 
18 | 13 | AESW by S [Fi W 145.1 4541230 2.5678 At Noon the ?] Lhe firſt part of the Day mode- 
| SS W dard bore N. 22 Jrate Gales and fair Weather, the 
| South Weſt and 


| 29 Eaſt, diftant|middle and latter part freſh Galesf 
WNW | 3108 Miles, and cloudy. x 


TP 1722, | S W by 5 | Z:3ard bore N. 25 lat Four this Afternoon, I took my 


JE Th 14 | At South 843.15 W 38.93 44-46 3-31z* {| At NoontheZz| The firſt part freſh Gales and 
- 5 | . 8SE* ; | © | dard bore N. 24 ſeloudy Weather, the middle andd 
; South Eaſt and h 3 33 Eaſt, diſtantſlatter part hard Gales, and ſquall) 
>, SEP WSW f J345.2 Miles. [with Rain. 
is | At Weſt N 20.55 EA. 45-2 097% At NoontheZ;-| For the moſt part ſtrong Gales ol 
x N W by W a | 5 3 * dard bore N. 24. [Wi f and fqually S394 Jang with} . 
| N W by N 55 Faſt, diſtantfa and Hail, at Six a terrible 
. and 8 by E 2 ä 303.2 Miles. |Storm. 
* At S by E N 83.04 EFF. | 45-32 1:47 1 At Noon the; | The 1/7 part ſt: ongGales of Wind. 
. 0 EI © dard bore N. 15. with violent Squals, the middle hard 
97 Eaſt, diſtant|Gales, the latter part freſh Gales 
; 277.6 Miles and more moderate Weather, 
HY 17 At South 585. 22 Weſt|tog. | 43.43 | 1.47:5 | AtNoontheZz| I be tirlt part treſh Gaſes anc 
1% I South by Weſl © dard bore N. 11 · fair Weather, the middle and latte: 
f outh Weſt and 23 Eaſt, diſtaniſpart moderate and hazy. 
4 A | S W hy W 284.1 Miles. | 2 


And to diſtinguiſn the Latitudes obtained by Obſervation from thoſe deduced by Calculation, 1 have 
marked thoſe that have been obtained by Obſervation with the Character ©. 
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The chief Buſineſs of keeping a Journal being only to exhibit che 
Place the Ship is in, or was in, at any time propoſed, at one View, 
together with ſuch remarkable Accidents and Occurences as are 
worthy of Note, to incumber it with Northings, Southings, Cc. 
Latitude by Obſervation and Dead Reckoning, Meridional Diſtance, 
c. can ſerve to no other Purpoſe in my Opinion, but to perplex 
and confound it; and is the proper Buſineſs of the Zog-Book, and 
which ought always to go along with it, and to which Book for 
ſuch Information, the Inſpector ought to be referred. ia 

The Rules here delivered are I believe, as true and more general 
than any that have appeared abroad, and I may venture to ſay, that 
there is ſcarce any Occurrence that can happen, in the Theory or 
the Art of Navigation ; but what has been taken Notice of and ex- 
plained in ſome Place or other, and therefore there is no room left 
to doubt, but that if the Learner will make Uſe of what Helps are 
here afforded him, he will rarely want Aſſiſtance; and be able at all 
Times to give a good Account of the Ships Place. And laſtly, 

As the keeping of a good Account of the Ships Way, and being 
ready at all times to pronounce where ſhe is, is not only the chief 
End of the Nautical Science, (but next under God) the only thing up- 
on which the Lives and Safetys of all the People concerned intirely 
depend ; no Pains ought to be thought too great, nor any Care 
wanting to accompliſh it, ſince one unlucky Miſtake, which too 
often happens, may render them incapable of ever rectifying it after- 
wards ; or of telling how it came to paſs, and from which fatal Ac- 
cident for the future, I pray God to deliver every Perſon concerned. 


ee EO EO eee ee 
Section XIX. 


Concerning the Equation of Time, or the inequality of the 
Solar Days. 


#2 Ime is a part of the Duration, meaſured out and aſſigned by 
Motion, which when it Flows on equally and uniformly, is 
called Abſolute Time, to diſtinguiſh ic from the Relative and Appa- 
rent Time, which is meaſured out by the motion of the Sun, and 

41 Flows 
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Elows unequally, and is divided into Parts called Years, Months 
Weeks, Days, Cc. 3 : 

An Equatorial Day, is that ſpace of Time that elapſes, while the 
the Earth makes one intire Revolution about her Axis ; or which is 
the ſame thing, while the Heavens being carried abour, the ſame 
point of the Equator that was at firſt under the Meridian, returns 
again to the ſame Meridian; and inaſmuch as the Revolutions of the 
Earth about her Axis, or of the Primum Mobile or firſt moveable 
Orb, are conſtantly equal among themſelves, and the ſame in every 
point of the Orb (at leaſt the inequality is ſo ſmall, if any there be, 
that it has eſcaped the Knowledge of the molt ſtrict Scrutators 
into the Laws of Motion of the heavenly Bodies) theſe therefore are 
taken for Standards, or meaſurers out of equal Portions of Time, to 
compare the unequal Meaſures or Portions of Time with 

A Sydereal Day, 1s that Space of Time thatFlows, while theEarth 
makes an intire Revolution to the ſame fixed Star, or which is the 
ſame thing, while the Heavens being carried about the ſame Star 
that was before under the Meridian, returns to the ſame Meridizn 
again: And inaſmuch as the Stars by reaſon of the ReceTion of the 
Equinoctial Points ſeem to move on Eaſterly, at the Rate of 5 0 Se- 
conds a Year, and conſequently as the Rate of 8“ 12“ 48 47%, 
Cc. a Day it follows, that while the Earth makes one intire Revolu- 
tion about her Axis, the Star is moved on forward in the Order of 
Signs 8“ 121 48* 475, Cc. which anſwering in Time to 32 51 
155, Cc. it is manifeſt, that the Equatorial Day is lefler than the Sy- 
dereal Day by 32“ 51 155, Cc. wherefore, if the Equatorial Day 
be put equal to Twenty-four Hours, the Sydereal Day will be 24h. 
oo min. oo ſec. oo“ 32* 51 1565, Cc. 

The Solar or Natural Day, ſo called to diſtinguiſh it from 
the Artificial Day, which is oppoſed to Night, is that Space of 
Time that elapſes while the Earth makes an intire Revolution to the 
Sun, or which is the ſame thing, while the Heavens being carried 
about the Sun returns to the ſame Meridian it was under at the 
Noon before; and inaſmuch as the Earth is carried on in her Orb 
Eaſterly, according to the Order of the Signs, or which is the ſame 
thing, the Sun ſeems to move on in the Ecliptic from Weſt to Eaſt 
during the ſame time, it᷑ is manifeſt that the Solar Day is longer than 
the Equatorial Day, by a Portion of the Equator that anſwers to 
the apparent Motion of the Sun in the Ecliptic, in the mean while. 


The 
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The Earth finiſhes her annual Revolution, and returns to the ſelf : 
ſame Place in her Orb from whence ſhe began to move, or which is 

the ſame thing the Sun compleats his Courſe thro” the Ecliptic, (and 

which is called a Tropical Year, becauſe after ir is finiſhed all the —_ 
Seaſons return again in the ſame Order) in 365 Days 5 hours 48 
minutes, 57 Jeconds, whence the diurnal mean Motion will be 
found to be 59 min. os ſec 19 43? 47* 215, Cc. equal in 
time to 3 min. 56 ſec. 33 18* 55 97, Cc. whence it follows, that 

it the Equatorial Day be put equal to 24 Hours, the mean So- 
lar Day will be 24h. 03 m. 56 f. 33 18" 55 og, Cc. But if 
the Mean Solar Day be put equal to 24 Hours, then the Equatorial 
Day will be 23 h. 56 m. 4. 0% 26“ 187 50, Cc. and the Si- 
dereal Day but 23 h. 56 m. oꝗ ſ. os” 59 O4 42, Ce. 

It the Axis of the Earth ſtood at R ight- angles to the Plain of the 
Orb in which ſhe moved, and the Sun were placed exactly in the 
Center of the ſame Orb, then the mean and apparent Solar Day 

would be the ſame, and the Difference between the Equatorial and 
Solar Day would be conſtantly equal. 

But becauſe of the Inclination of the Axis of the Earth to the Plain 
of her Orb, the Arch of the Equator paſſing thro the Meridian, is 
not always equal to the correſpondent Arch of the Ecliptic, which 

aſſes thro the ſame in the ſame time, but is ſometimes bigger and 
ſometimes leſs, hence it is that the diurnal Arches of the Equator 
which paſs over the Meridian are unequal, and hence ariſes one Cauſe 


of the inequality of the Solar Days. 

For in the adjacent Figure, let PS A B 
repreſent a Quadrant of the Solſtitial Co- 
lure, P the Pole, A Y the Radius of the 
Equator, and Y S a Quadrant of the E- GT 
cliptic, Y the Equinoctial point or place 
of the Sun in the firſt point of Aries, when 
he is under the Meridian of a certain Place | 
upon a certain Day, © the place of the A ba 
Sun under the Meridian of the ſame Place K * 5 


the next Day at Noon, then will Y © re- 
preſent the diurnal Motion of the the Sun, and if thro? the point 


©, the Circle of Right Aſcenſion P © R be drawn, the Arch of the 
Equator / R will repreſent the correſponding Right Aſcenſion, or 
Arch of the Equator Culminating together with the Sun, and which 
muſt be neceſlarily leis in this Caſe than the diurnal mean Motion of 

2 the 


U 

i 

i 0 * 
! 

' 

| 

! . 

| 


440 Of the Equation of Time 


from the firſt point of Libra to the firſt point ot Capricorn; becauſe 


the Sun, inaſmuch as it is one of the containing Sides of a Riglt- 
angled Spherical Triangle, of which the Arch ot Longitude Y © jg 
the Hypothenuſe, let us ſuppole for Example, the Arch of Longi- 
tude J © equal to the Sun's diurnal mean Motion, equal to oo d 
59 min. od ſec. then by the /t Problem of Section the 4th of Part the 
5th, the correſpondent Arch of Right Aſcenſion Y R will be found 
to be 3 to oo deg. 54 min. 13 ſec. leſs than the correſpondent 
Arch of Longitude by 4 min. 55 ſec. equal in Time to oo dep. 1 
min. 4oſec. and ſo much in this Caſe is the Apparent or Solar Day 
leſs than the mean SolarDay, and conſequently the Equation thence 
reſuiting muſt be Negative, and being therefore ſubſtracted from the 
apparent Time, will give the Mean. 

Let us now ſuppole the Sun to be at the diſtance of 89 deg. oo 
min. 52 ſec. from the Equinoctial point Aries, that is ſhort of the 
Soiftitial Colure 59 min. 08 ſec. the diurnal mean Motion; the cor- 
reſpondent Right Aſcenſion will be found to be 88 deg. 55 min, 31 
ſec- leſs than the Arch of Longitude 89 deg. oo min. 5 ſec. by 
5 min. 21 ſec. equal in Time to 21 ſeconds 24 thirds, the Equati- 
on in this Caſe ſtill to be ſubſtracted from the apparent Time, to ob- 
tain the Mean; and by comparing the Arch of Right Aſcenſion 54 
min. 13 ſec. contained between the firſt point of Aries, and the point 
anſwering to 59 min. 08 ſec. with the difference between the Rigit 
Aſcenſion 88 deg. 55 min. 31 ſec: and 9o degrees, anſwering to 
the Arches of Longitude of 89 deg. oo min. 52 ſec and 90 degrees, 
equal to 1 deg. 4 min. 29 ſec. we ſhall find that the Arch of the E- 
quator that tranſits over the Meridian, while the Sun travels over 
his diurnal Arch of mean Motion 59 min. os ſec. at the End of the 
firſt Quadrant, is greater than the correſpondent Arch of the Equa- 
tor that tranſits over the Meridian, while the Sun performs his di- 
urnal mean Motion at the Beginning of the Quadrant, by 10 min. 
16 ſec. equal in Time to 41 ſeconds 15 thirds; whence it is mani- 
feſt, that altho* the Revolutions of the Equator and its ſimilar Parts 
are iſochronal, yet, tho the Sun ſhould move over equal Arches of 


the Ecliptic in equal Times, he will return to the Meridian with un- 


equal Portions of the Equator; and conſequently for this Cauſe on- 
ly, the Solar Days would be unequal, and the diurnal Differences 
turned into Time will give the Equation, which muſt be ſubſtracted 
in the firſt and third Quadrants of the Ecliptic, that is while the Sun 
is paſſing from the firſt point of Aries to the firlt point of Cancer, and 


in 
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in each of the Quadrants the Arches of Right Aſcenſion are always 
leſs than the correſpondent Arches of Longitude. 
But becauſe in the zd and 4th Quadrants ot the Ecliptic, (as has 
been ſhewn elſe where) rhe Arches of Right Aſcenſion counted from 
the firſt point of Aries, are greater than the correſpondent Arches 
of Longirude, it follows in this Caſe that the apparent Solar Days 
are ſhorter than the mean Solar Days, and that while the Sun is go- 
ing from the firſt point of Cancer to the brit point of Libra, and from 
the firſt point of Capricorn to the firſt point of Aries, the Equation 
or Difference between the Longitude and Right Aſcenſion thence 
reſulting, muſt be added to the apparent Time to obtain the Mean. 
And inaſmuch as the Sun it ſelf is not placed in the Center of the 
Farths Orb, but at the diſtance from it of 1692 ſuch Parts as the 
mean Diſtance of the Sun from rhe Earch is ro0co0, and that as the 
Earrh is carried about in her annual Orb, the Line connecting the 
Centers of the Sun and Earth, deſcribe equal Arches or Portions of 
the Ecliptic Surface in equal Times, it neceſſarily follows, that the 
Arches deſcribed in equal Times will be unequal, and conſequently 
that the diurnal Arches of the Ecliptic that the Sun ſeems to move 
over, will be greater at one time than at another, and greateſt when 
the Earth is upon her Perihelion, or when ſhe is the neareſt to the 
Sun; which in the preſent Age happens when the Sun appears in a- 
bout 8 deg- of Capricorn, or upon the 19th of December, and leaſt 
when the Earth is upon theAphelion, or when ſhe is fartheſt off from 
the Sun, and which happens when the Sun appears in about 8 de- 
grees of Cancer, or upon the 19th of June, and hence ariſes another 
Cauſe of the inequality ot the Solar Day, as will be more evident 
from the following Figure, | 
Where A BP N repreſents the great Orb, in which the Earth is 
annually carried about the Sun, C its Center, 4 the Aphelion, 
or Place of the Earth at the Noon of that Day when the Earth is 
in the Aphelion, B the place of the Earth the next Day at Noon, 
AL a given Meridian of the Earth, the Arch 4 B or Angle 40 B 
the mean Moticn of the Earth, between the Noon of the given 
Day and the middle Noon of the Day following, L a point in the 
given Meridian direcily oppoſite to the Sun, which while the Earth 
moves forward in her Orbit from A to B, is whirled about by the 
diurnal circumvolution of the Earth from L thro o in the firſt place 
A, to d in the ſecond place B, during which time the Earth has 


made an intire Revolution about her Axis, inaſmuch as the Meridi- 
an 


203. Of the Equation of Time 
an Bd in the ſecond Scituation B, is become parallel to 4 L, its 
Poſition the Day before when it was in the point 4, but the appa- 
rent Noon does not happen till the ſame point by the Revolution 
of the Earth about her Axis is carried to e directly oppoſite to the 
Sun, who governs the civil Day; and hence it is manifeſt, that te 
apparent Solar Day is longer than the Equatorial Day by the Arch 

B A, equal to the Angle d Be, (for the Lines B d and 4 © are pa- 
rallel) the apparent Motion of the Earth, or the diurnal Motion of 
the Sun in the Ecliptic converted into Time. | 
Bur the mean Solar Day is not compleated, neither will the mean 
Noon happen, till while the Earth being {till carried on forward in 
her Orb, the point e which is now directly oppoſite to the Sun, is 
carried to f, directly oppoſite to the Center of the Orb C; and inaſ- 
much as the Revolutions of the Earth about her Axis are equal and 
uniform and conſtantly the ſame, the returns of the ſame in Corjun- 
ction with the Center of the Orb, muſt be conſtantly equal among 
themſelves ; and hence it is evident, that the mean Solar Day exceeds 
he Equatorial Day by the Arch 4, equal to the Angle B CA, the 

Jiurnal mean Motion converted into Time, and that the ſame mean 


2 
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Day exceeds the Solar Day by the Arch e, equal to the Diſſerence 
between the mean and apparent Motion of the Sun, equal to the 
Angle GB C, the Equation of the Orb; this therefore converted 
into Time and ſubſtraged from the Length of the mean Day, will 
give the Length of the Solar Day, and conſequently being ſubſtrac- : 
ted from the apparent Time, will give the mean or equal time, and : 
the ſame Law obtains in whatſoever part of the Semicitcle BA N, 
the Earth is found, and which is called the firſt Semicircle of Ano- 
maly. a7 | 
Let us now ſuppoſe the Earth in her Perihelion point at P, and 
Pm a given Meridian, upon which the Sun appears upon the Noon 
of the Day when ſhe is in that point, as the Earth is carried on 
from P towards A when her Center is got to N where the Meridi- 
an Ng becomes parallel to Pm, its Policion the Day before, the 
Earth has made one intire Revolution about her Axis, and the Equa- 
torial Day is compleated, but the mean Noon will not happen, 
neither will the mean Solar Day be compleated till the Earth ill 
rouling forward in her Orb; the Point g by her Revolution about her 
Axis is got to Y, when it is directly oppoſite to the Center of the Or- 
bit C; and that is when the Point g has moved over the Arch gh, 
the Meaſure of the Angle. g N, equal to the Angle P CN, equal in 
Quantity to the Arch Þ N, the diurnal mean Motion, but the So- 
lar or apparent Noon does no: happen; neither is the Solar or ap- 
parent Day finiſh'd; till while the Earth being (till carry'd for- 
ward, by her revolving Motion, the Point h has moy'd over the 
Arch E, where it is directly oppoſite to the Sun, at O; whence it is 
maniieſt that the Solar or apparent Day, in this Caſe, is greater 
than the Equatorial Day, by the ſame Space of Time that the 
Earth requir d to move over the Arch g , the Meaſure of the An- by 
gle g Nk, equal to the Angle PO N, the apparent Motion of 
the Sun in the ſame Time; and that the ſame Solar, or apparent 
Day, exceeds the mean Day by a Space of Time, equal to That 
that the Earth requires to move over the Arch h &, equal to the 
Difference between the mean and true Motion of the Sun, equal to = 
the Equation of the Orb : This therefore converted into Time, and | 
added to the Length of the mean Day, will give the Length of 
the apparent Day, in this Point, and conſequently being added to 
the apparent Time, will give the mean or equal Time ; for the 
mean Noon is Antecedent to the apparent Noon, and the ſame 
Law obtains in whatſoever part of the Semicircle PNA the Earth 
is found, and which is called the ſecond Semicircle of Anomaly. - 


ww 
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In accounting for this latter part of the Inequality of the Solar 
Days, the Orb in which the Earth moves has been ſuppoſed circy- 
lar; and that ſhe in her Revolution round it deſcribes equal Angles 
about the Center in equal Times, and tho neither of theſe really 
obtain, yet he that knows how great an Analogy there is between 
the Circle and its inſcrib'd Ellipſis,] how little the Earths Orb git- 
fers from a Circle, and underſtands the Nature of the Keplerian A. 
reas, Will readily perceive that the ſame way of reaſoning will hold 
good in the Ecliptic Orb, and that in accounting for it in one you 
account for it in the other; 

Hence it is abundantly manifeſt, that the Equation of Time, or 
Inequality ot the Solar Day, ariſes from two Cauſes, viz the In- 
clination of the Earths Axis to the Plain of the Ecliptic, and the 
diſtance of the Sun from the Center of the Orb, and is a Compound 
ot the Difference between the Longitude and Right Aſcenſion of 
the Sun, and the Difference of the mean and true Place, and when 
theſe two parts are both Negative, or both Poſitive, their Sum 
makes the abſolute Equation of Days, but when one is Pofitive and 
the other Negative, their Difference 1s equal to the Equation, and 
if the greater of the two parts is Negative, the Equation is Nega- 
tive ; but if the greater of the two Parts is Poſitive, the Equation is 
Poſitive : And hence we are taught a direct way to Inveſtigate the 
abſolute Equation of Days, at any time propoſed. 

Let it therefore be required to find the abſolute Equation of Time 
for the 7th of May 1721. . 

On the 7th of May 1721 at Noon mean Time, the Sun is in Tau- 
rus 27 deg. 34 min. 07 ſec. when his Right Aſcenſion by the 1ſt 
Problem of Section the 4th, of Part the 5th, will be found to be 55 
deg..17 min. 13 ſec. | | 

Hence their Difference 2 deg. 16 min. 54 ſec. equal in Time to 
9 min. 7 ſec. 36 thirds will be one part of the Equation of Time, 
which becauſe the apparent Noon preceeds the mean Noon, mult 
be ſubſtracted from the apparent Time, to find the mean Time, or 
muſt be added to the mean Time, to obtain the apparent. 

The mean Anomaly is 10 Signs 18 deg. 13 min. o5 ſec. hence 
the Equation of the Orb will be found to be 1 deg. 16 min. 18 min- 
(and how this may be found, the Reader may ſee in the following Sc- 
tion) equal in Time to 5 min. 5 ſec. 125, which becauſe the mean 
Noon precedes the apparent Noon, muſt be added to the apparent 
Time, to obtain the mean Time, but ſubſtracted from the mean Time 

to find the apparent. | And 
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And becauſe the two Component Parts of the Equation are con- 
trary one to the other, that is one Negative and the other Poſitive, 
their Difference 4 min. 2 ſec. 24 thirds, will be the abſolute Equa- 
tion of Time, which becauſe the greateſt of the two Component 
Parts of the Equation is Negative, muſt be added to the mean Time, 
to obtain the 3 Time, but ſubtracted from the apparent 
Time, to find the mean Time, and after the ſame manner may the 
abſolute Equation ot Days for any other Time be readily found. 
And for the more expeditious obtaining ot theſe two Parts of the 
Equation, the Iwo following Tables are calculated, the firſt of 
which ſhews that part of the Equation that ariſes from the excen- 
tricity of the Sun, and is the ſame with the abſolute Equation of 
the Orb reduced into Time, and is ever equal to the Difference be- 
tween the mean and true Place of the Sun, the Second ſhews that 
part of the Equation, that ariſes from the Inclination of the Earths 
Axis to the Plane of her Orb, or from the Obliquity of the Ecliptic, 
to the Equator; and 1s ever equal to the Difference between the 
| Sun's Place and the correſpondent Right Aſcenſion, both of which 
Parts muſt be compounded together, according to theit reſpeive 
Titles, to obtain the true and abſolute Equation of Time, 
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The EQUaT10NsS of the App rent TI ME. 


Subſtraa from the Apparent 
if the Suns Mean Anamo- 


| 


ly be. 
e, een 
77 ae 7 7 
Le EE TE 
| 140. C8 3.5 5.4 317+45[6:4.7 3.59/25 
| 250.16 :.0:15-4747-45[6.35{3.42/25 
30. 24. 085.507.4506. 35.3 5/27 
410.32 4.17%5.54% 456.303.2820 
30425 6.5 817.4406. 263.202 
160 484.257. 07.446.21 3.132 
710.55 4.35 7.057.436.1603. 05 25 
91.3 4˙42½7˙087.44%6 12.570. 
91.11 4.4% 11.4106. ocz. 50021 
1001. 19 4. 5C.-14½E- 406.010.4220 
111.275 00717 7.38 5.581z. 34015 
121.35 5= O7. 157˙275.5 2618 
1311.425.12J7˙2 27.355452. 1817 
141.50J5˙•187. 247.345.4042. 11016 
r5[1-5815-24[7-27]7-345-34Þz 0315 
1 6]2-26[5. 3007. 297-305. 281.514 
1712.13. 255˙3 16.281522 .47013 
182.215.447 ·33J7.2555˙ Tl. 3042 
19 228540 25 7·225⁸IT CU. 204i 
25.3605. 527.302.2504. 270. 
2112.43 | 57 7.35 J+17 4.58 1. 1449 
2212.5 106.027.397: 15-5. oc 8 
2302.5 06.07 %· 4007. 120.45 o. 580 7 
2413 066.127.4107: . 38049 6 
2e... PA 
2603.2 [6.2 .437.02 4.2.3 0 
273.276.260. 4406.5 8. 1 P28 3 
283.246.347.446. 5 16] 2 
213-4119.34j 450.51 I 
2212:48]5-35P7 45/5 e 
w 111019 8 = 


| Add o the Apparent Time. | 
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Subſtract from the 
Apparent, 
rin 
hn wy 
of 0.00] $24] $4513, 
If . zac 534 8.35078 
71 0.4. 8.44 8.24 291 
3] 0.5c| 8.53 8.13 
44 1.1t] 9.02] 8.51]? 
5 1.25 9.10 7.481; 
6| 1:55] 9.17] 7 3402. 
71 2.18 9-24] 7. 200 
8 2.37 9. 2C 7.0E 22 
| 9] 2:56] 9.35 6.50021 
ro] 3-15] 9440 6.3512 
ti} 3.34] 9-44] o. 18015 
'2] 3.52 9 40 15 
3 . | 
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By the Help of theſe Two Tables, may the abſolute Equation of Time 
be had by Inſpection, the Place of the Sun being given, and his mean Ano- 
maly, and how theſe may be obtained may be ſeen in the following Sein, 
for by entering the Firſt Table with the mean 3 and ſeeking thjge g 
Sign at the Top or Bottom, and the Degree on the Side, in the common 

Area, by making Pro ortidn for the odd Minutes and Seconds, you will 

have that Part of the Equation that belongs to it with its proper Title; and 

'by entering the Second Table with the Sun's Place, ſeeking the given Sign 

at the Top or Bottom, and the Degrees of that Sign on the Right or Left 

Hand Columns on the Side, and making proper Allowances for the odd Mi- 

nutes and Seconds, you will have that Part of the Equation that ariſes from 

the Difference between the Sun's Place and his Right Aſcenſion, with its 

proper Title, theſe two Parts being compounded together according to their 

reſpective Titles, will give the abſolute Equation of Time. Suppoſe for 

Example, it were required to find the abſolute Equation of Time for the 

5th of May 1721, when the Sun is in Taurus 27 deg. 34 min. 07 ſec. his 

mean Anomaly at that Time being 10 Signs 18 deg. 13 min. os ſec, 

Entering the Firſt Table therefore with the mean Anomaly, I find 10 Signe . 

at the Bottom; and right againſt 18 Degrees, the next leſs whole Degrees | 
in the Right-hand Column, in the common Area, I find 5 min. 6 ſec. and 

againſt 19 Degrees, the next greater Degree to the mean Anomaly, in the 

ſame Column of 10 Signs, I find 5 min. o ſec. Then I fay, as 1 deg. or 0 

min. is to 6 ſec, the Difference between 5 min. 6 ſec. and 5 min. oo ſec. 
ſo is 13 min. 05 ſec. the Exceſs of the mean Anomaly above 10 Signs 18 m. 
to 1 ſec. the Part Proportional, this ſubtracted from the Equation 5 min. 

6 ſec. anſwering to 10 Signs 18 deg, becauſe the Equation diminiſhes, will 
give 5 min. 5 Bc. tor the proper Equation anſwering to 10 Signs 18 deg. 
13 min. o5 ſec of mean Anomaly, which by the Title is to be added to the 
apparent Time to find the mean. | 

ntering again the Second Table with the Sun's Place in Taurus 2 deg, 

34 min, 07 ſec, I find Taurus in the Head, and right againſt 27 deg. in the 
Left hand Column, in the common Area I find 9 min. 12 ſec. and againſt 
28 degrees, the next greateſt Degree to the Sun's Place, I find 9 min, 4 ſec. 
Then I ſay, as x deg, is to 8 ſec. the Difference between 9 min. 13 ſec and 
9 min. 5 2 ſo is 34 min. 07 ſec. the Exceſs of the Sun's Place above 27d. 
to 4 ſec. + nearly; this taken from 9 min. 12 ſec. the Equation anſwering 
to 27 deg. becauſe the Equation decreaſes, will leave 9 min. oy ſec. 4, for 
the Equation anſwering to & 27 deg. 34 min, o) fſec- and which according 
to its Title muſt be ſubtracted from the apparent Time to diſcover the mean 
and conſequently their Difference 4 deg. 2 3 min. will be the abſolute Equa- 
tion of Time, and the ſame as was before determined. 

After the ſame manner may the abſolute Equation for any Day be found, 
ww 12 this manner are the following Tables of Equation of Days com- 
Pu | ; 
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fa TABLE for the Equating of Time for the Year 1724 
being the Biſſextile or Leap Tar; to be applied to the A 
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| 1724. 
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"Jen e [fone Fab: [ng re on 
Toles WITH e reer 

tes OBE — — DDS OED MDA | — 11 — 

| AA | AJA#]| S|[S*#| ATA#TTSTS 
8.4614. 4910. 0 100. 4 2 4+04| 0-46] 4.55 4.30 4.4 3.34 

| 9. 0914.48 9.44] 0.26] 4.05 o. 34 5.7 4.2c 4.251348 
9 3214.46 9.27 0.10] 4.06 o. 220 5.14] 4.05 4445114501 

| 4] 9:54]14-44] 9-1] S.05] 4-06] 0. 10 520 3.58 5.5614. 14 

| _<|'0-15]14.41] 3.52] 0.2c| 405 Ao3] 5. 20 3-47] 5-271 4.26 
eto. 3614.37] 8.34 0.3 5 4-04] © te 5.31] 3-35] 5.45114.38 
511945011432] 8.16] 0:49] 4-02] 0.29] 5. 30 3:22] 6. 0914.40 
1.1514 27] 7.58 1,03] 4-00] 0.42 5.41] 3.09 6.3014. 55 

4 8J1.33/1421 7.40 1.16 3+57] 055 5445] 2.54] 6.5 11 5.05 

J= <p 22] 129] 3:54 1:27] e 7:12Þ15-15 

2. 704.06 7:02] 1,42] 3-50] 1. 200 5.51] 2.26] 7.33015-25 

1111222 2-57 6.43] 1.54] 3-45] 1-33] 5.54 2.11] 7.5401 5.30 

x 3Þ12+35}1 3.45] 6.24] 2.06] 3.40 1.46] 5.5 1.55] 8. 1415.43 
141 2.5 213.39 6.05 2.17] 3·35 1:59] 557 1.35} 8.3401 7.45 
1<}' 3-Of112.25} . 46 2.27 3-29] 2.1} $+57] 1-22 8.54115+55 
102 1913.19 5+27] 2437] 3-23] 2.230 5.56} 1.06] 9. 14016. oc 
173-3 113.08 5.08 2.46] 3.16 2.35 5.5 5 0.49 9.3411 6.04 
15]: 3-42112,57] 4-45] 2,55 3-09] 2.47 5,5 2 O. 3 9.54016.0) 
191.5272. 4 4.36 2-03] 3.07] 2:59] 5.53] 0.13010.14116.05 
20114-01112.32] 4.12] 3-11 — 3-11] 5.48] S 0510. 33016. 10 
2114.10 -54] 3-19] 243] 3˙230 5.45 o. 23010. 5 016.11 
2214.18 3.260 2.34 3.345.410 0.410 1.091 6-12 
2314.29 3-33] 2.25 3.45 5:36] 1.00]t1.27|16-12 
2414.3 3-39] 2.15] 3.580 5.3% 1.2001 1.441 6.11 
2<[14+3E 3-44} 2-25] 4+06| 3.25 1:40[12.01[16.09 
20644 3 48] 1.54} 4.160 5. 19 2 0012. 18016. Oc 
2714.4 3+52] 1:43; 4.25 5.12 2.2001 2.3411 6.02 
25/4˙4˙ 0.35 1-45] 3.56] 1.320 4.34 5. 06 2.401 2.501557 
25 14.49/10. 18] 1.31] 2.59] 1.21 4-43] 4455] 3.01 r 3.05[15.51] 6. 
Fas [2219]4.02] 119] 4:51] 4.45] 3:2213-2015-454 5 
ALL | 0-58] ©.58 4.401 3.43] 15.35} 
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A TABLE for the Equating of Time for the Year 1725, 
being the Firſt Year after Leap-Tear ; to be applied to the A p- / 
parent Time, according to the reſpeRive Titles. 

| 1725. 8 | 

Van. | Feb. Mar. April. May. June, July. Aug. Sept. Octo b ty, : « 7 

* LL 77 77 777 7 117 77 

Dr 5 

15.53 14.47/10. 0 0-46] 4.02] 0.47] 4.58 4-32] 3 7913.30 4 

2] 9.20 [14-45] 9+40] 0-30] 404 0.35] 5· 0c 4.220 4.20} 13444 2 
2 9.48114+43] 9.29 0-14] 4 ©5] 0.23] 5+13] 4.11] 4.41 12.58 31 
410.09 14.40] 912 S. 021 4. oc 0.11 5.20 4.00 5. 02114.11 1 
$110,301 14+36] $-54] 2:17] 4:25] Aon] 5-26} 3:49] 5.23] 14-23 5 

610. 5014.31 $36] 0-34} 404] 0 12] 5-31] 3-37] 5.44[14+35 6 
711. 0914.26 8.15] 0.45 40: ] 0.26] 5.36] 3.24 6.05| 14447 7 
62.2714. 20 8. 00 0-59] 4c o. 39 5410 3-11] 6.264.585 8 
g[11-45114.43] 7-42] 1-13] 3-57] c. 52 5:45] 2.57] 6,47] 15.05% 5 

Fee ic 

11112-18[13.58] 7.05 1-39] 3453] 1 15] 5.510 2.280 7.28|r5.27 11 

1212.341349 6.40 1.10 2471.31 5.53] 2-13] 2.48015.35 12] 

13112-48[13-40] 6.27] 2-22] 3+43]- 1.44] 5-54] 1:55] 8 0915.42 13 

14113.92|1 3.30] 6.08 2.13 3.36 1.57] 555 1.42] 8.2915.48 14 

15113-1541 3.28J 5-49] 2-24] 38 2-05] 5455] 1:25] 8.491253 15 

160132713. 09 5.300 2 35] 3.22] 2.21] 5.55 1-08] 9.09 15.55 16 

17]13-35112.55] 5-11] 2-45] 3 10] 2.33] 5454] 0-51] 9.291 16-02 17] 

48113-45]12.46} 4.52] 2.54 3.09] 2.45] 5-52] 0:34] 9.49 16.46 84 

191:3-58[12.34] 4.34] 3-92] 3.01 2.57 5.50 1.1610. 0916. o 74 

20147 2.21 4.16] 3-To] 2-53] 3.50 5:45} S270. 2816.11 3.40 

21114-15112.07] 3.58 3-18] 2.44] 3.2 5-45] ©-20[10.45116.12 4.14.2. 

22 '4-22[11.53] 2.40] 3.25 2.35 3-32] 5-41] 9-35|12,05|16.13 4.42 22h 

23114-25]1 1.33} 2.22 3-32] 2.26 3.43] 5-36] 2+57|11.23[16.12 093 

24114+33] 11-23] 3.04] 3.38 2-16] 3.44] 5-31] 1.17 11.41116.11 24] 

25114.35[ 11.05] 2.46 3.43} 2.05] 4.04 5.25] 1711.58 16.09 251 

26114,42] 10.53] 2.28 3-47] 1.56 4.14] 51% 15707775016 07 20 

2714. 4510.37 2.10 3451} 1.45 4-24] 5-13] 2.1712. 3 116. og 277 

2514.47 10.20] 1-52] 3.54/ 1.34] 4.33] 5-06] 2.271 2.4615, 59 28 

254˙48 I-35] 3.57 1-23] 4-42] 4.58 2.58 13.010 15.530 6.38 291 

3014.49 118 4.08 1.11] 4-4] 4.50} 3-19113.16] 15-47] 6.1 30 

3714.48 102 9.50 4-41 | 3.39 15.4 31 


450 1. ables of the Equation of Time. 


— 
—_— 


* —_— — — 


1 * — — — — 
| . |; of 
4 TABLE for the Equating of Time for the Year 1726 
being the Second Year after Zeap-Tear ; to be applied to th. 
Apparent time, according to the reſpective Titles. 
| | 
3 * — — 
| 1726. | 
2 Jan. | i May. Fune. Jul. 
; 1 11 / 7 al 7 
1 K. SjS*| Al 
| 1] 8.55 702 0 51 4.50 
| 21 9.21 4.04 o. 38 5.04 
[| 4 2 9:43 4-05 0. 26 5.11 
At. o5 4.05 0.14} 5*15 
4 519-20 4.04 0.01] 5-24 
. 109.45 4.03] Aiz| 5.20 
"4 71{1.04 4.021 O. 25 5.35 
| 5111.22 4.00] o. 38 5. 4 
5 15114 3.580.510 5.44 
ict. 57 3.56 1.04 5'4; 
- : 11 12.14 3.53 1.17 5.45 
15 12˙30 3.49 1.30 275 
Ir 3112.44 3.44 1.42 7.5 
ö 14 12. 5 8 3-38 1.56 5.54 
1813.11 3-32 2.08 5.5 
1:c113-22 3-25] 2.20 5 5 | 
1173.35 3.18 2.3 2 54544 0455 05117 
118 3.46 3-IT] 2.44 5.521 0.35 11.18 2.381 
41511 3-56 30g 2.55] 5.50 0.20 | 10.56] 3.07]tg 
2014.05 2-56 3-03 5:45 0.02100. 10.33 3.30020 
2114.12 2.47 3-19] $445 S 15 9. . 10.10 4.05121 
X 22014. 20 2.380 3.30 5-451 0,33 946] 4.34022 
2314.26 2.29] 3-41] 5:35] 0.5211 9-21] 5.02/23 
124014.32 2.19 3-52] 5.31. 12JT 1. 5.56 5.2924 
A 2501437 | 2.09 4-02 $o2* 1.3 2J11. 81 8.20 5.50025 
126114.41 1.59 4.12] 5-22] t. 5212. 8.04] 6.2346 
127114.44 1.480 4.22 5.1 J 2.1 7.380 6.50027 
2814.46 1,37] 4.31 5.08 2.3 212.43 7-11] 7.1628 
2914.48 1.260 4 40] 5. 01 2.5 
3<j14-49 1,14 4.43 45 | 3«1411 3.13 
| 103] | 4.441 3-34 
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A TABLE for the Equating of Time for the Year 1727, 
being the Third Year after Leap-Nar; to be applied to the Ap- | 
parent Time, according to the reſpe&ive Titles. 
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1727. 8 gn 
=1n. 5 Feb. Mar. jAprigmay. |June.pJuly. | Aug. Rept « [(Obod Nov, Dee, a 
# ; DB _ 7, FT 5 [IU 


Ty 
2 
3 
4 
5 
G10, 3-41 
7 3+29g 
81: 3+16 
9 3-03 
10 2-49 
L 2.34 
1211: 2. 1 
13 2.04 
14 1.48 
17 1.32 
10 t. 18 
17 0.59 
18 0. 42 
15 0.25 
20 0.98 
21114, 8. 10 
22014. 0.29 
2514.25 0.48 
2414.3 1.07 
2435 1.27 
2804.40 148 
2714.43 208 
2814.45 2.28 
1914.47 2.48 
1448 _- 
3.29 


„ * Of the Equation of Time 

As a well regulated Clock will always meaſure out equal Time 

ſo if it be truly adjuſted to the Length of the mean Solar Day, and 

ſet to the mean Time, the Difference of Time ſhewn by this Cock 
and a good Sun-Dial (which always meaſures out Apparent Time) 
will be always equal to the ſeveral Equational Numbers in the pre- 
ceding Table : thus for Example, on the 7th of: May, when accorg. 

ing to the former Calculation the Apparent Time is more than the 

Mean Time by 4 min. 2 ſec. if when it is 12 h. oo min. oo ſec b 

the Sun-Dial, the Clock be ſet to 11 h. 55 min. 58 ſec. or which i; 

the ſame thing, when it is 4 min. 02 ſec: after 12 by the Sun-Dial, 

the Index of the Clock is made to point to 12, if the Clock keep e. 
qual time on the next Day at Noon, when it is 12 of the Clock by 
the Sun-Dial it will be 11 h. 56 min. oo ſec. by che Clock, or which 

is the ſame thing, when it is 12 by the Clock, it will be 12 h. of 
min. co ſec by the Sun-Dial, and conſequently the Apparent Solat 

* Day at this time is leſs than the Mean Solar Day by 2 ſec. the next 
Day after this, or the 9th of May, when it is 12 by the Clock it wil 
be but 12 h. 03 min. 57 ſec. by the Sun-Dial, and conſequently the 

| Solar Day continues leſs than the Mean Day by 2 ſec. + in Quanti- 
* ty; and after the ſame manner the Solar Days will continue to di- 
miniſh in Quantity, and the Apparent Noon approximate to the 
Mean Noon, till on the 5th of June following, the Apparent and 
Mean Noon will happen at the ſame part of abſolute Time nearly, 
and the Hour Index will point at 12 at the ſame time that the Sba- 
dow upon the Sun-Dial falls upon the ſame Hour, after this the Ap- 
parent Solar Day will ſtill continue to ſhorten, and the Mean Noon 
will preceed the Apparent Noon till about the 15th of Fuly follow- 
ing, when the Mean Noon will preceed the Apparent Noon; min, 
55 lec. and conſequently when the Hour Index of the Clock points 
to 12, the Shadow upon the Sun-Dial will fall upon 11 h. 54 min, 
| o5 ſec. after this the Solar Days will begin to lengthen ; and the 
. Apparent Noon will approach to the Mean Noon till the 20th of 
- Auguſt following, when they will both happen at the ſame time; 
after this the Apparent Noon will preceed the True Noon, till a- 
bout the 22d of Ofober, when the Clock will be too ſlow for the 
Sun-Dial by 16 min. 13 ſec. which is the greateſt Variation; after 
which it will return again towards the Apparent Noon, always keep- 
ing the ſame Difference as is expreſled in the former Table, 
Hence the Apparent Time being given the Mean Time is eaſily 
had, or the Mean Time being given, the Apparent Time anſwering 
to. it is readily found. | But 
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been ſaid upon this Head) which ſhews the Variation of the Equa- 


or the inequality of the Solar Days. TY 453 


But inaſmuch as the Tropical Year conſiſts but of 365 Days, 
5 Hours, 48 Minutes, and 57 Seconds; hence it is that after 
every 4 Years the Sun returns to the ſame point in the Ecliptic 44m. 
12 f. nearly, ſooner than he did before; hence and from the Præ- 
ceſſion of the Equinoctial points it is that the abſolute Equation of 
Time for the ſame Day of the Julian-Trar, is in a conſtant Flux, and 
continually Changes, and tho' the Alteration or Difference be but 
ſmall, yet to render the Table more compleat, I have added the follow - 
ing Table, (the Conſtruction of which is very obvious, from what has 


tion to every Day in the Year for 100 Years to come; whence the 
true and abſolute Equation for any Day in the intermediate Time 
may be readily found, to the greateſt Degree of Exauels. 
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A TABLE Growing the Variation of the anon of Time, 
to every Day in the Fu ian Tear, for the next Hundre cars, 
* 
97 July. , Sent. 6 [Nov, I Ds. 
Fr . T Feb. Mar, e. june July E - — ned Pee, | 
TWIT TT HTHT HT HY By b 
ay of 10 ; y 4 IA Tl.” A EVR Dirnen 
ore 8 e wn: he 0.25 o. 19 0.03; O-12] 0,13] o. of 0.49] 2 
þ-24 0-034 0-19, 0% al | a 6 | 0.12 0. 0 4 0.07 
| N,IT; O. 10 O09] O05 O. 2 1. 0.02 . 0.13 TS 07 3; 
a 3 a i} 0.16 0.08 oog 0.23 0. 18 o. 01 O. 12 O. 13 0˙0 7 0.07] 4 
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The Uſe of this Fabie is fo very eaſy, that it needs little Explana· 
non; for by entering the Table with the given Time, and finding 
the Month in the Top, and the Day in the Right or Leſt- han d Co- 
jumn, in the common Area, you will have the Variation in 100 
Years; and by allowing proportionally for any leſſer Time, you will 
have the true Variation, which being added to, or ſubſtracted from 
the Tabular Equation, according to its refpective Title, will gire 
the true and abſolute Equation of Time, to the Time propeſed., + 


Thus for Example, Suppoſe it were required to find the abſolute 
Equation of Time for the 7th of May 1770, this being the 2d Yeat 
after Leap-Iear, and 44 Years after the Year 1726, I find the pro- 
portional Alteration to be 5 Seconds to be ſubſtracted, this there- 
tore taken from 4 m. 021. the Equation anſwering to the 7h of 
May 1726, being the Second Year after the Leap-Tear, will leave 3m. 
56 f. ;, for the true and abſolute Equation of Time for the 7th of 
May 1770; and after the ſame manner may the true and abſolute E- 
quation of Time for any other Day be readily found, 


For the ready obtaining of the true and abſolute Equation of Time 
from the Sun's: Place only, and which in many Caſes is very uſeful, 
I have computed the following Table, which ſhews the Equatide 
correſponding to every Degree of the Ecliptic, which is conſtrued 
after the ſame manner as the former Tables are, and built upon the 
ſame Principles, and may be readily compounded of the two Tables 
in Page the 446th without much Difficulty : And tho? this Table 
is ſubject to vary in proceſs of Time, upon Account of the Motion 
of the Sun's Apogzon, which changes its Place and goes Eaſterly, 
with the Fixed Stars occaſioned by the Præceſſion of the Equi- 
noxes, yet. inaſmuch as the fame Degree of Anomaly keeps near- . 
ly in the ſame Degree of the Ecliptic for upwards of Fifty Years, 
the Difference will be very ſmall ; but how much it is; and which 
way it muſt be applied, may be eaſily gathered from what has been 
already ſaid. | | 
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A TA4BL E ſhewing the Fquation of Time, anſwering t 
very Sign and Degree of the Ecliptic for the Year 1726; t 
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Hence it is abundantly manifeſt, that the Solar or Apparent Days 
or Time that elapſes from the Moment the Sun leaves the Meridi- 
an of any Place, till it returns again to the ſame Meridian, and con- 
ſequent ly their ſimilar Parts, ſuch as Hours, Minutes, &c are un- 
equal ; and ce nſequently the Times meaſured out Ly the Motion of 
the Sun,t are uncqual among themſelves, and different from chat 
which is called Abſolute Time, which Flows equally and unitormly, 
and always at the ſame Rate; which by the Aſtronomers is called 
the True and Equal Time; according to which all the Caleſtial 
Motions are regulated and ſettled, and to which the Tables of the 
mean Motion of the Sun and all the Planets are adapted. And in- 
aſmuch as the mean Motion of the Sun and the Planets are found 
to be equal and uniform, conſtantly deſcribing equal Areas, by a 
Line connecting their Centers and the Center of thaik Orbs in equal 
Times: Hence it is that Aſtronomers have pitched upon a mean Solat 
Day, between the greateſt and teaſt, as a Standard to compare 
their mean Motion with, and to which the Celeſtial Motions are 
adjuſted ; ſo that by calculating the Time when any notable Appear- 
ance will happen, ſuch as the Beginning or End of a Solar or Lunar 
Eclipſe, or of any of Jupiters Satellites, &c. by theſe Numbers and 
reducing that Time io the Solar Time, we have the Apparent Time 
when theſe Appearances become vilible ; and on the contrary, by 
obſerving the Apparent Time when any of theſe Appearances hap- 
pen, and reducing it to the mean Time, we are then enabled to 
calculate by the Tables, when ſuch Appearance will happen ; and 
by comparing obſerved Appearances with thoſe deduced from Cal- 
culation, we are able to pronounce the Errors of the Tables, and 
correct them as Occaſion requires: and this is the conſtant Buſineſs 
and Practice of all Aſtronomers, and the Method made Uſe of to 
rectify the Motions of the heavenly Bodies. And hence it appears 
of what Conſequence the Knowledge of the Equation of Days is in 
Astronomy, it being one of the Chief Pillars upon which all its Pre- 
dictions are founded; and this was perteAly unknown to the Anci- 
ent Aſtronomers, and one principal Cauſe of the Errors in their Num- 
bers, and never rightly adjuſted, till undertaken by our great Aſtro- 
nomer the late Mr. FraMSTEAD, about the Year 1667, (as it 
is Publiſhed by Dr. Wallis at the End of Horrox's Remains, in the 
Year 1673) whoſe principal End in all his Studies, was to improve 
real uſeful Knowledge, by clearing up thoſe Points that were 
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before Obſcure-or Imperfect, and laying a lafting Foundation ſot 
the Improvement of true Science, and to whom ſucceeding 
Generations will be greatly indebted. 
The Tables here delivered have been all calculated de novo by my 
Self, and not copied: from Books, withour enquiring whether t 
are right or wrong, exactly computed or not, or whether they agree 
or diſagree one with another; a thing very much practiſed of late 
Days, and to be found in moſt of the Tables now in Uſe. 


c cee t teac dt ft 
Section XX. 


F Coitaining the Theory of the Sun, and the Conſtructiot 
and Uſe of the Solar Tables, 


Es. one who is but meanly skill'd in the Science of Aſtrom. 


my, knows that it conſiſts of two General Parts; the Firſt and 

Principal of which 1s employed in determining the Species of the 

Orbs in which thePlanets move, their Magnitudes, Periods and Diſtan- 

. ces from each other, whence prpper Tables are made, by the Help of 

. which their reſpective Places in their Orbs, their Poſitions, Con- 

junctions, various Aſpects, Cc. may be readily pronounced at any 
given Time and accounted for. 

The Second and no leſs uſeful Part, is principally concerned in 
explaining the Origin Cauſes and Diviſions of the ſeveral Circles of 
the Sphere, which are made Uſe of in accounting for the ſeveral 
Appearances in the Heavens, ariſing from the Diurnal Motion of 
the Sun, or the Rotation of the Earth about her Axis; and in the 
Solution of the Chief and Primary Problems ariſing from it, ſuch as 
to determine the Time of the Rifing and Setting of the Planets and 
fixed Stars, their Amplitudes, Azimuths, and the Hours of the Day 
or Night, from their obſerved. Altitudes, c. and how this ma 
be done, from the Sun's Place being firſt known or given, has been 
amply ſhewn-in the Fifth Part of this Vork, itlremains therefore ne- 
geſlary, in order to render this Part of the Science compleat, to ſhew 


how 


dne of the Equinoctial points. 


Of the Theory of the San. 459 


how the Sun's Place lit ſelf may be obtained at any given Time by 
Calculation, and how the Tables themſelves by which it is generally 


computed, are conſtructed or made. 


And the firſt thing neceſlary to be known, is the exact Length of 
the Solar Year, or the Time that the Sun requires to move thro? the 
Ecliptic ; and this is readily obtained by comparing the Times to- 

ther, when the Sun ſhall be found by Obſervation to poſſeſs the 
{ame point of che Eclipric. 

How the Place of the Sun in the Heavens, or the point of the E- 
cliptic that he poſſeſſes at any Time may be found from his Meridional 
Altitude taken with a good Quadrant, whence and from the Latitude of 
the Place of Obſervation, his Decl.nation, Right Aſcenſion and Place, 
may be readily deduced,or from hisDiſtance meaſured from ſome Pla- 
net, ſuch as Venus in the Day, and the diſtance of that Planet from 
ſome fixed Star obſerved the following Night, or from the Difference. 
of Times between the Tranſits ot the Sun, and ſome: fixed Stars o- 
ver the Meridian, meafured by a well regulated Clock; whence the 
Right Aſcenſion of the Sun, and thence his Declination and Place 
in the Ecliptic may be found, has been explained at large, in he 
34 and 4th Aſtronomical Sections; and by comparing theſe Places of 
the dun thus deduced from Obſervations, and their correſpondent 
Times together, may the Length of the Solar Year be determined. 

But the Methods uſually made Uſe of by Aſtronomers, is by find- 
ing and comparing the true Times of the Sun's Ingreſs into either of ' 
the Equinoctial Points. 

For in aſmuch as the Ecliptic cuts the Equator in two oppoſite 
points, the Sun wall twice every Year appear in the Equator or Equi- 
noctial Circle; and this will happen when by his apparent Motion 
he arrives at the Interſection of theſe two Circles, and the exact 
Time of this Appearance may be thus determined. 

At that Moment of Time the Sun appears in the Equator, he 
then enters into the firſt point of Aries or Libra, and his diſtance - 
trom either Pole, is exactly c qual to a Quadrant or 9o Degrees: So 
tkat if at that time he happens to be upon the Meridian of any Place 
of his Diſtance from the Zenith ot that Place, at that time will be 
equal to the Latitude of the Place of Obſervation ; and conſequently 
if at any time the Meridian Altitude of the Sun be found by Obler- 
ration, to be equal. to the Complement of the Latitude of the Place, 
the Sun at that Moment, or at the Noon of that Day, enters into 


Pat 
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But becauſe the Sun is continually moving forward in the Eclip- 
tic Eaſtward, and at the Rate of one Degree nearly a Day, as wil 
appear hetreafter, he makes no ſtay in the Equinoctial Point, but in 
moving forward, at tne ſame Moment he arrives in either Equinoctial 
point, at that ſame Moment he begins to quit it; and tho the Da 
the Sun enters the Equinoctial point be called the Equinoctial Day, 
becauſe the Days and Niptits are neatly equal, yet unleſs the Sun 
enters the Equinoctial Point at the Noon of that Day, the above- 
mentioned Method will not take Place, and therefore in this Caſe 
to determine the exact Moment of the Sun's Ingreſs, it is uſual to 
take the Meridional Altitude of the Sun, either upon the Equino&i- 
al Day, or as near it as poſſible; and the Difference between the 
Altitude and the Complement of the Latitude of the Place of Ob- 
ſervation, will give the Declination of the Sun, or his Diſtance from 
the Equator at that time. Again, the next Day, or as ſoon as poſ- 
ſibe, obſerve again the Sun's Meridian Altitude, and find his Decli- 
nation as before, if theſe two Declinations when compared toge- 
ther, are of different Kinds, that is one North and the other South, 
the Equinox has happened ſome time between the two Obſervations; 
bur if they be found to be both of the ſame Kind, that is borh North 
or both South, and the Declination at the time of the latter Obſerya- 
tion be leſs than the tormer Declination, the Sun has not entered 
into, or is ſhort of che Equinoctial Point; but if the Declinatiors 
are found to increaſe, that is, if the latter be greater than the former, 
the 9 is paſs d it, and in order o find the exact Time of the 
Ingrels, 1 

Having from theſe Declinations thus deduced from Obſervations, 
and the gieateſt Declination, found the correſpondent Longitudes, 
or Diſtances of the Sun from the next Equinoctial point, according 
to the Method taught in the 2d Caſe of the iſt Problem, of Section 
tne 3d of Part the 5th, 

Say, as the Sum of theſe two Longitudes, or Diſtance of the 
Sun from the Equinoctial Point, if the Declinations are of diffe- 
rent Kinds, otherwiſe ſay, as the Difference between the Longi- 
tudes thus deduced, is ro the Space of Time elapſed between the 
two Obſervations, ſo is the Diſtance of the Sun from the EquinoRial 
point at the Time of the firſt Obſervation, to a proportional part 
of Time, which it the two Declinations are of a contrary Kind, that 
is one North and the other South; or when they are of the ſame 
Kind, that is both North or both South, and the Declination Fa 


1 
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* ation, may the time of the Sun's Ingreſs into the 
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time of the Sccond Obſervation be leſs than the Declination at the 
time of the Firſt Obſervation, being added to the time when the 
Firſt Obſervation was made, will give the exact time when the E- 

uino happened: But if the Declinations are both the ſame way, 
and the Declination at the time of the Second Obſervation, be - 

reater than the Declination at the time of the Firſt Obſervation, 
that is, if the Declinations are found to increaſe, the 4th propor- 
tionable Number laſt found, or proportionable part of Time, being 
ſubſtracted from the time of the Firſt Obſervation, will leave the 
time of the Ingreſs: The Reaſon of which is very obvious to the 
intelligent and Skillful Reader. 

By the ſame Method of reaſoning, may the true time of the Equi- 
xox be found, from the Difference of the Right Aſcenſion of the dun, 
obtained from the Difference between the times of the Tranſits ot 
the Sun and ſome known Fixed Star over the Meridian of any Place. 

And, after the lame manner, by the help of 2 Obſerva- 

ame Equinoctial 
Point be determined for the next, or any ſucceeding Year ; and 
by comparing theſe times together, may the Length of the Solar 
Year (the principal Foundation upon which the Solar Tables are 
built) be determined. EL 

As an Error of one Minute in the time of the Equizox, when 
compared with an. Obſervation made at the diſtance of one Lear, 
will cauſe an Error of 60 Min. or one Hour, in producing the time of 
the Equinox at the diſtance of 60 Years, ſo the fame Error of one 
Minute in the Equinox, when compared with an Obſervation made 
at the diſtance of 60 Years, will cauſe but an Error of 1 Second 
in one Period; and this is the Reaſon why Aſtronomers when they 
are about to ſettle the Periods of the Sun, or of ary of the Planets, 
or fixed Stars, and account for the Inequality in their Motions, 
compare the moſt diſtant Obſervations that they can meet with, 
ſince a ſmall Error in the Obſervation in that Caſe, will ve broke 
into ſo many {mall Parts, that the Difference from the Truth, will 


in a manner van iſh. 


According to the Greenwich Obſervations in the Year 1681, the 
Vernal Equinox happened on the 9th of March, at 11 h. 41im. 13 f. 
mean Time, when the mean Motion of the Sun from the ſame E- 
quinox was 11 S. 28 deg. 04 min. 56 {ec and in the Year 170r, 
the ſame Equinox was celebrated on the 9th of March, at 8 + 2m. 
z2{- mean Time, when the Sun's mean Motion was 118. 28 deg. 

e 05 min. 
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05 min. 50 lec. ſo that in 20 Julian Years or 7305 Days, wanti 
3 h. 38 min. 51 ſec. orin 7304 Days 20 h. 21 min 9 ſec. the Sun' 
Motion was 20 Revolutions over and above o S. oo deg. oo min. 
9 ſec. whence by the common Rule of Proportion it will be found 
that if 20 Rev. oo S. oo deg. oo min. og ſec: are performed in 730 
Days 20 h. 21 min. 9 fec. that one Revolution will be performed in 
365 Days 5 h. 48 min. 57 ſec. Cc. which is the true Length of 
the Solar Year, or ſpace of Time that the Sun conſumes in pniſhir 
his Courſe thro the Ecliptic ; that is, till he return to the ſelf fame 
Place in the Ecliptic from whence he began to move; ſo that ac- 
cording to the former Computation, if the Sun enters into the fir 
point of Aries on the th of March, in the Year 1701, at Sh. om. 
221. in the Year 1702, according to mean Motion he will enter a- 
þ gain into the ſame point on the 9th of March, at 13 h. 51m. 19. 
I. - This Period of 365 Days 5h. 48 min. 57 ſec. is likewiſe called 
the Tropical Year, becanſe during this Space of Time all the vari- 
ety of Seaſons are celebrated; and after it is finiſhed they returu a- 
gain: in the ſelf ſame Order, and all the Conſequences that iſe 
from the Acceſs or Receſs of the Sun, to or from the Earth, will 
. happen during that time; and after it is paſt, they will return a+ 
gain a new. 5 | 
Afronomers by comparing the Places of the Fixed Stars deduced 
from Obſervations made at diſtant times, have diſcovered that 
there is a Prœceſſion of the Equinoxes, or Receſſion or Motion of 
the Equinoctial points in Anrecedentia, or to the Weſtward, and 
contrary to the Order of the Signs, by which the points of Inter- 
ſection do conſtantly move back, at the Rate of a Degree in 72 Years, 
and do as it were meet the Sun: So that the Sun will annually ar- 
rive at the Interſection before he has compleated his Courſe, and ar- 
rived ac the ſame abſolute point of Space, or to the ſame Fixed Star 
that he was in Conjunction with before; and conſequently in the 
Space of 20 Years this retrograde Motion will amount to 16 min. 
30 ſec. whence it co nes to pals, that in the Space of ac Julian Years, 
N or 7305 Days wanting 3 h. 38 min 51 ſec. there will be but 19 
| Rev. 11S. 29 deg 43 min. 29ſec. of the Sun to the ſame Fixed 
* Stars, and conſequently each ſingle Revolution will be performed in 
the Space of 365 Days 6 h. g m. 14 ſec. and which is called the 4- 
nomaliflical Periodical or \ydereal Tear ; inaſmuch as in that Space of 
Time the Earth makes an Inter-Revolution round her Orb, and the 
Sun exhibits all his various Aſpects to each Fixed Star 


But 
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But inaſmuch as the Sun performs his Revolution with regardto 
the Ecliptic in 365 Days 5 h. 48 min. 57 ſec. he will be found to 
move over 59 min» 08 ſec 19 thirds of the ſame Great Circle in 
one Natural Day; for by the common Rule of Proportion, if in 
365 Days 5 h. 48 m. 57 {. the Sun moves 12 Signs or 360 Degrees, 
the whole Circumlerence of the Eclipt c, in 24 Hours he wil! move 

min. o8 ſec. 19 thirds, or 59 mm. o8 ſec. nearly ; and this is 
called the Mean Motion of the Sun for one Day, and in the fol- 
* lowing Table is the Number placed aginſt the 1. of January; and 
by the ſame Method of Reaſoning he will be found to move *over 

1 deg. 53 min. 16 ſec. 38 thirds, or 1 deg. 58 min. 17 ſec. neatly, 
which is called the Mean Motion of the Sun for two Days, and 
ſtands againſt the 2d Day of Januar), in three Days he will move 
over 2 deg- 57 min-. 24 ſec. 57 thirds, or 2 deg. 57 min. 25 ſec. 
which is called his Viean Motion for three Days, and is the ame Num- 
ber that is placed againſt the 3d ot January, &c. and in 365 Days 
or one common Year current, he will have moved over 11 S. 29deg. 
45 min. 40 ſec. and which is called the Mean Motion for one Year 
current, and ſtands againſt the 3 rſt of December, and againſt Num- 
ber x in the Table of Years current. 

By the ſame Method of Inveſtigation he will be found to move over 
the 24th part ot 52 min. 8 ſec. 19 thirds, or 9 min. 27 ſec. 50 tuirds, 
or 2 min. 28 fec+ nearly in 1 Hour, which is called the Mean Motion 
of the Sun for one Hour, and which is the Number placed againſt 
one Hour in the Table of Mean Motion for Hours, Cc. in two 
Hours he will move over 4 min. 55 ſec. 40 thirds, or 4 min. 56ſec. 
nearly, and which is the Mean Motion for two Hours, and ſtands 
agai ſt two Hours in the Table of Mean Motion for two Hours, &c 
and in one Minute Or the 30h part of an Hour, he will move over 
the ; [th part of 02' 27 50“ or 2'' 27 50“, or 2“ 28“ nearly; 
and which is the Mean Motion for one Minute of Time, &c. and 
in one Second ot Time, or the Goth part of a Minute, he will move 
overthe 60th part of 2“ 27 50?, or 2 27* 507 which is the 
Mean Motion of the Sun for one Second of Time. 

The Mean Motion for one common Year or 365 Days, has been 
found to be 1x S. 29 deg- 45 min. 40 ſec. this therefore being 
doubled, will give one Rev. and 11 S. 29 deg- 31 min. 20 ſec. 
over, which Surplus is called the Mean Motion for two Years, and 
which ſtands againſt two Years in the Table, and being trebled, will 
give 2 Rev. and 11 S. 29 on 17 rain. oo ſec over, which Surplus 

00 2 18 


464. * of the Theory of the Sun. 


is Called the Mean Motion for 3 Years ; and becauſe every fourth 
Year conſiſts of 366 Days, theretore to determine the Man Motion 
for 4 Years, you muſt to the Mean Motion for 3 Years, viz. 118. 
29 deg. oo min. add the Motion for one Year, equal to 11 S. 29 
deg. 45 min. 40 ſec, and over and above the Motion for one Day, 
equal to 59 min. o8 ſec. Oc. and the Sum o S. o deg. 1 min. 49 
ſec. will be the Mean Motion for tour Years; and is the Number 
tat ſtands againſt four Years in the Table of Mean Motion for the 
inrermediate Years; and by adding the Motion of one Year 118. 29 


' » deg. 45 min. 40 ſec: to the Mean Motion tor four Years equal to 


oO S. oo deg. o min 49 ſec. you will have 1 S. 29 deg. 47min, 
29 ſcc- the Mean Motion for five Years, Cc. and by doublirg, 
trebling, and quadrup ling Cc. the Mean Motion for four Years, 
you will have o S. oo deg 03 min. 37 ſec. the Mean Motion to: 
8 Years, oo S. oo deg- 05 min. 26 ſec. the Mean Motion for 12 
Years, oo S. oo deg o/ min. 15 ſec the Mean Motion for 16 Years 
Cr. and oo S oo deg og min 4 ſec. the Mean Motion for 20 
Years ; this again being doubled, trebled, Cc. will give od S. oo 
deg. 18 min. 8 ſec. Cc. the Mean Motion for 40 Years, o S. o deg, 
min. 12 ſec. the Mean Motion for 60 Years, and oo S. oo deg. 27 
min 20 ſec the Mean Motion for oo Years; this again being 
doubled, trebled, Cc. will give oo S. oi deg. 30 min. 40 fec. the 
Mean Motion for 200 Years, oo S 02 deg 16 min. 01 ſec. the 
Mean Motion for 300 Years, Cc. and oo S. 07 deg» 33 min. 20 
{ec- the Mean Motion for 1000 Years ; this again being doubled, 
trebled, c. will give oo S. 15 deg- 6 min. 40 ſec the Mean Motion 
for 2000 Years, oo S. 22 deg. 40 min. oo ſec, the Mean V otion 
for 3000 Years, &c. and 01S. o/ deg. 46 min 404ec- the Mean 
Motion for 5000 Years, Cc. —_— 

And inaſmuch as the common Julian-Nar is leſs than the Tropical 
Yearby 5 h. 48 min-. 57 ſec. hence it is, that every 4th Year 1 Day 
is added to the Year by reckoning the 6th Day of the Kalends of 
March twice, and inſerting a Day into the Kalendar next aftet the 
24th Day of February, making thereby two 24ths of February, and 
the onth to confilt of 29 Days (of which a more ample Account 
ſhall be given in its due Place) and becauſe in the Tables of Mean 
Motions for Months, @c. the Month of February conſiſts but of 28 
Days ; hence it is, that in computing thePlace of the Sun from theſe 
Tables in the Leap- Tears, after the 28th of February, the Aſtronomers 
add the Motion of one Day to the Sum of the common Mean Me- 
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tion, or which comes to the ſame thing, they add one Day to the 
time given, and account the 1ſt Day of March for the 29th of Febru- 
ary, and make Uſe ot the Mean Motion that ſtands in the Tables of 
Mean Motion, againſt the ſ Day of March, for the 29th or Febru- | 
current | | 
| 7 like manner they account the 2d Day of March for the ſt Day 
of March, and make Uſe of the Mean Motion that ſtands againſt the 
2d Day of March in the Tables ot Mean Motion for the 1ſt Day of 
March current; and proceeding after the lame manner, till when they 
come to the laſt Day in the Year, or the 31/t Day of December they 
add to the Tabular Mean Motion againlt the 3 1/t of December, the 
Mean Motion that ſtands againſt the firſt Day of January, or the 
Mean Motion for one common Day, and this Sum will be the pro- 
per Mean Motion for that Day ; and which being added to the Radix 
of Mean Motion for the current Year, it will give the Radix of 
Mean Motion for the ſucceeding Year ; after which all things go on 
in the ſame Order, and the Mean Motions are made Uſe of in the 
ſame manner as before: . 

The Mean Motion of the Sun from the firſt point of Aries for the 
gth of % arch, 170 f, at o8h.. 2 min. 22 ſec. Vean Time has been 
found to be 1 S. 28 deg. 5 min. 5 ſec from this therefore taking 
away the middle Motion of the Sun for 68 Days, 8 h. o min. 22 
ſec the Quantity of Time between the 9th of March at o8 h. 
2 min. 22 ſec. and the 3 14 Day of the preceding December equal 
to02 S. 07 deg- 21 min. 15 ſec. theRemainder 09S o deg, 43 
min. 56 ſec. will be the Mean Motion of the Sun from the firſt point 
of Aries for the 3 1%. Day of December, 1700 ; and is called the Radix 
of Mean Motion for the Year 170, and is the Number that ſtands 
againſt the Year 1701, in the firſt Table, or Table of the Earths 
Mean Motion from the Vernal Equinox, for the Years ſince CHa IST: 
And if to this Mean Motion 9 S. 20 deg. 43 min 50 ſec. be added 
11S 29deg. 45 min. 40 ſec. the Mean Motion for one common 
Year, the Sum 9 S. 20 deg. 29 min. 3o ſec. will be the Mean Mo- 
tion of the Sun from the firſt point of Aries, for the 3 iſt Day of De- 
cember 7oꝛ, or the Radix of Mean Mot ion for the Year 1702: In 
like manner, if to the Radix of Mean Motion for the Year 1701, 
viz..9 8. 20 deg- 43 min- 50 ſec. be added oo S oo deg. 9 min. 
4 ſec. the Mean Motion for 20.common Years, the Sum 9 8. 20 deg. 
52 min 54 ſec. will be the Mean Motion of the Sun for the 3 1/t of 
December 1720, at Noon, Mean Time; or the Radix of Mean Mo- 
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tion for the Year 1721. And again, if to the Radix of Mean Vo. 
tion for ih: Year 1721, viz. 98 20 deg. 52 min. 54 ſec. be added 
the ſame Motion for 20 Years, viz 00 & oo dcge og min. og (ec, 
the Sam 9 S. 21 deg. ol min, 58 ſec. will be the Mean Motion of 
the Sun for the 31/4 of December, 1740; or the Radix of v can o. 
tion for the Year 1741, and is the Number that ſtands againſt 1741 
in the firſt Table ; and if tothe Radix 95. 20 deg- 43 min. 50 ſec. 
the Radix of Mean otion for the Year 1701, be added oo S. oo 
leg. 43 min. 20 ſec the Mean Motion for a Hundred Years, the 
Sum 98. 21 deg. 29min. 11ſec. will be the Mean Motion of the Sun 
from the Pernal Equinox tor the 31 /t Day of December at Noon „in the 
Year 1800, or the Radix ot Mean Motion for the Year 1861, Cc. 
Again, it trom 9 S. 20 deg. 43 min. 5o ſec. the Radix ot Mean 
Motion tor the Year 1701, be taken away oo S. oo deg. og min. 
oꝗ ſec. the middle Motion for 20 Years, the Remainder 9 S. o deg. 
34 min. 46 ſec will be the Radix of Mean Motion for the Year 
1681 ; and if from the Radix of ean Motion tor the Year 1681. 
9 S. 20 deg. 34 min. 46 ſec. be taken away o S. o deg: 9 min. 4 fec. 
the Motion for 20 Years, the Remainder 9 8. 20 deg 25 min 42 ſec. 
will de the Radix of Mean Motion for the Year 1661, Cc And 
laſtly, if from the Radix of Mean Motion for the Year 1701, 98 
20 deg 43 min. 50 ſec. be taken away 00 S. 12 deg- 50 min. 46 
ſec. the Mean Motion: for 1700 Years, the Remainder 9 8 07 deg, 
53 min. 02 ſec. will be the Mean Motion of the Sun from the Ver- 
al Equinox, on the 31ſt of December at Noon, immediately prece- 
ding the commencement of the Chriſt ian Era, or the Radix of N can 
Motion for the firſt current Year of CHRIST. 

After the ſame manner may the Radix of Mean Motion for any o- 
ther Year be computed, and conſequently the Mean Motion of the Sun 
from the Vernal Equinex for any Time paſt or to come, be readily 
Calculated, by adding or ſubſtracting to or from, the Radix of can 
Motion for the given Year, theSum of the Mean Motions for the Sur- 
plus, Gr the Defect of Time, as will be exemplified hereafter; and 
_ * manner were the following Tables of Mean Motion con- 

ucted. | * 

Avd inaſmuch as all theſe Mean Motions are adjuſted to Mean or 
Equal Time, it is neceſlary if the Time given be Apparcnt Time, 
that it be firſt reduced to Mean Time, according to the Rules laid 
down in the former Section. 


If 


* 
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If the Sun were placed exactly in the Center of the Earth's Orb, 
and the Motion of the Sun round the Earth were equal, that is if 
the Earth deſcribed equal Angles round the San in equal Time, then 
the Sun's Apparent Miotion in the Ecliptic would be always e- 
1able and equal at all Iimes ro the Viean Motion betore Inveſtiga 
ted, and the Sun would move fot ward each Day at the Rate of 597 
8“ 19% and proportionably for a a greater or leſſer Time, whence 
the Place of the Sun being known at any certain Time fixed, his 
Place at any other Time aſſigned, would be very readily computed, 
by adding or ſubſtracting of the Vean Motion anſwering to the In- 
terral between the two given Times. 

But Aſtronomers by comparing together the Places of the Sun dedu- 
ced trom Obſervation, have found that the Apparent Motion of the 
Sun thro” the Ecliptic is unequal, and that he moves fwifter thrio' ſome 
parts of the Ecliptic than he does thro other; that his Appatent 
aural orion is ſometimes 61 min. nearly, and at other times 
ſcarce 57m. and that he is longer by 7 Days neatĺ, in travelling f om 
the firſt point of Aries thro? the Norchern half of the Ecliptic, ti! 
he arrives at che firſt point of Libra, than he is in travelling from the 
firſt point of Libra thro” the Southern half of ir, till he enters again 
into the firſt point of Aries; for in the Year 1701, the Vernal Equi- 
nox happened on the gti of March, at 8 h 2 min. 22 ſec. P. V when 
the Autumnal following did not happen till 1 1th of September follows 
ing at 20h. 04 m. 274. P.M. Mean Time, and which ought to hay 
happened on the 8:h Day of the ſame Month September, at 10 h. 58 
min. 55 ſec P.M ean Time, preciſely, it the Apparent *'otion of 
che Sun were exactly equal; moteover ir is found by meaſuring the 
Apparent Diameter of the dun by a good Mieter, that when he is 
near the 8 Degree of Cancer, and which happens about the 1875 
of June, at which time he is ſaid to be in Apoge, his Appa- 
rent Semidiameter is about 15' , and that when he is near the 
8% Degree of Capricorn, and which happens about the 8th Pay of 
December, and when he is ſaid to be in Perige, his Apparent Semi- 
diameter is 16min. 23 ſec (which ApparentSęemidiameters muſt have 
been equal, if rhe Sun had been placed in the Center of the anal 
Orb) wience it follows, (inaſmuch as the Apparent Semidiameters 
are reciprocally as the reſpective Diſtances) that the greateſt Diſtance |, 
of the Sun from the Earth, fs to its leaſt Diſtance, as 983 to 950 : 
or 2s 101707 to 9820; whence the Diſtance of the dun from the 


Center of the Orb will be 1707 ſuch Parts as the can Diſtat ot 
. | | ths 
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the Sun from the Earth is t 00000, and which is therefore calle] the 
Excentricity ; but Mr. Flamſtead by comparing ſeveral corre Places 
of the Sun together, deduced from other Obſervations, has found 
the Excentricity to be but 1692 of the ſame Parts. 

The ancient A/tronomers who allowed no ocher. Motion in the Hea. 
vens but what were circular and equal, that they might Account tor 
theſe Incqualities in the Sun's Motion, and adjuſt the ſeverai Qua. 
ricies of it in ſeveral Parts ot the Orb, ſuppoſed the Sun to move 
round the Earth, or the Earth round the Sun (tor it is the ſame this 
which we ſuppoſe to move, and which we'll ſuppoſe to ſtand (till) in à 

circular Orb, bu: Excentrical that is, whoſe Center was at ſome 

Diſtance from the Center of the Ecliptic, in which they placed the 
Sun or the Earth, and that this circular Orb was deſcribed by ane. 
qual Motion, in ſuch manner, that a Line or Ray drawn from the 
Center of the Orb, to the Sun or Earth, did deſcribe equa! Angles 
in equal Times; and therefore by having the Excentricicy or Di- 
tance of the Sun from the Center of the Orb, and his ean Diſtance 
from the Earth, as alſo the Diſtance of the Sun from the Apogton 
or Pe:izeen, they could readily compute by the help of the Doctrne 
of Pl un Trigonometry, the Equation of the Orb, or the Difference 
between the » ean and True Place, in whatſoever part of the Q;b 
the Earth was ſcituated, and thence by knowing the Mean Motion of 
the Sun from the firſt point of Aries they could compute the true 

Place of the Sun in the Ecliptic, and his Diſtance from either Equi- 
noctial point. | | 

But the Great Kepler by comparing the Obſervations of the Fa- 
mous Tycho together, has diſcovered that Mars was not carried round 

-the Sun in a Circular but in an Elliptic Orb, and that the Sun was 
- placed in one of the Foci of that Ellipſes ; and that in moving round 
| the Sun his. Votion was ſo regulated, that a Ray or Line draws 
: from the Sun to the Planet did deſcribe an Elliptic Area or Space, 
always propot tionable to the Time that the Fiznet moved; and ha- 
ving found the ſame Law to obtain in all other Planets, he concluded 
it to be but Rational, that the Earth ſhould obſerve the {:me Law, 
and be carried likewiſe in an Elliptic Orb; and this having been con- 
F firmed by all the Obſervations made fince his Time, there is no 
room left to doubt of the Truth of it; and therefore I ſhall proceed 
to ſhew in the next Place how theſe Innequalities in the Sun's Mo- 
tion may be accounted, for, and how the proper Equation, or Pro- 
thapharefis, for adjuſting of theſe Inequalities may be computed upon 
this Principle only. And, WE 7. 
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1. If the Earth be carried about the Sun in an Elliptic Orb, in 
one of whoſe Foci the Sun is placed, and in moving deſcribes Areas 
evety where proportional to the times, by a Line connecting the 
Centers of the Sun and Earth; I ſay that the velocity of the Earth 
in every point of the Orb ſhall be reciprocally, as a Line drawn from 
the Center of the Sun, perpendicular to the Tangent to the point 
iven. | | 
Let ATEP repreſent the Earths | 
Orb, & the Sun placed in one of its 
Foci, 7 and E two points in the 
Orb, in which the Earth is ſuppo- 
led to be at two different Times, I 
ſay that the velocity in T is to the 
velocity in E, as the Line S ꝗ drawn 
perpendicular to Eq, a Tangent to 
the Orb in the point E, to the Line 
$0, drawn perpendicular to 72, 
a perpendicular to the Orb in the 
point T. | 


Let Tt and Ee be two Arches 
of the Orb deſcribed by the Earth, 
in equal, but infinitely ſmall Parts of 
Time, and draw the Lines S t, 
Se, and becauſe the Areas deſcribed 
are ever proportional to the Times the Triangles S T: and SE e 
inaſmuch as they are deſcribed in equal Times are equal, but the 
Triangle S Te is equal to half SOxT?, and the Triangle S Ee is 
equal to half SqxEe, wherefore, half SQ Tt Shalf SqxEe ; and con- 
equently Tt: Ee: . 8: 5SQ; or as S: S Q; and ſince 
the Revolutions of the Earth in the points T and E are as the Lines 
Tt and Ee, deſcribed in the ſame time it follows, that the velocity 
of the Earth in the point T, is to the velocity in the Point E, as 

to SO. | 

Hence it follows, that the velocity is leaſt in the Aphelion, and 
greateſt in the Perihelion, and that while the Earth is moving from 
the Perihelion to the Aphelion, ſhe conſtantly ſlackens her Motion, 
till having paſſed the Aphelion, fhe on the contrary begins to quick- 
en her Pace, till ſhe arrives again at the Perihelion, when it again 
becomes the greateſt, c. 
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2. The fame things being ſuppoſed as before, I ſay that the Aa- 
- gle with the Earth ſeen from the Sun, will appear to deſcribe in 1 
{mall Particle of Time, will be every where reciprocally in a Dupli- 
cate Proportion of her diſtance from the Sun. 

About the Center S at the diſtance of Se and Se, deſcribe the 
fmall Arches t B and eh, and make Sc equal to Se, and draw the 
ſmall Arch cd, and the angular velocity in e will be to the angular ye. 
zocity in t, as the ſmall Atch eb is to the ſmallArch c a, but the Pro- 
portion of eb to cd is compounded of theEgoportion of eb cor B, and 
of r to cd, and becauſe the Triangles e S E and :S T are equal, 
eb will be to eB, as St to Se, and becauſe the Arches : B and ca 
are ſimilar, : B is to cd as St to Sc, or as St to Se, wherefore the 
Proportion of eh to c d, is compounded of the Proportion of S: to Se, 
and of St to Se, and conſequently the angular velocity at e, is to the 
angular velocity at t, as the Square of $7 to the Square of Se ; that 
is reciprocally as the Square of the Diſtances. 

This increaſe and decreaſe 
of the angular velocity, may 
perhaps be better underſtood 
by comparing the true Motion 
of the Earth in her Orb, with 
the Motion of a Body ſuppoſed 

to move, with an equable and 
uniform Motion round the Sun 
as a Center. 


In the adjacent Figure there» 
fore, let 40 PR repreſent the 
Orbit of the Earth, in one of 
whoſe Foci as S, the Sun is 
placed, and let AP be the lou- 
geſt Diameter, and QR the 
ſhorteſt, and SB equal to SF, 
a mcan Proportional between 
the two Diameters. 

About S as a Center, with the diſtance of SB, deſcribe the Circle 
DBHR, this will be equal in Area to the Ellipſis AQPR (by the 
151 and 16th Ar. of Kn. the 2d of Part the 1, in Page 85) and 
let us ſuppoſe a Body to move over the Circumference of this Cir- 
cle, in the ſame time as the Center of the Earth deſcribes the — 
| | | pagy 
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phery of the Ellipſis, and when the Earth is in the Aphelion 4; 
jet the circulating Body be in E, the Line of the Abſides, the 
Motion of this Body will repreſent the equal or middle Motion of 
the Earth, and the Body in its Motion round the Sun S, will de- 
(cribe Areas or Sectors of Circles, which are proportional to the 
Times, and equal to the Elliptic Areas that the Earth deſcribes at 
the lame time. 8 NINDS . 

Ler ESm be the Angle or equal Motion that the Body moving 
round the Sun at S has deſcribed, proportional to any given Time, 
and take the Elliptic Area AST equal to the Sector ES, and then 
the true Place of the Earth in her Orb will be in the point T, and 
the Angle SD equal to the Difference between the mean Motion of 
the Earth, and its true Motion will be the Equation or Proſtha- 
phæreſis, and conſequently the Area AEDT, and which muſt be e- 
qual to the Sector DS, will be ever proportional to the Proſtha- 
phæreſis, and the ſame will happen in whatſoever part of the Orb 
the point I be taken; whence it follows, 

1. That the greater this Area is, the greater will be the Proſta- 

hæteſis or Equation, or Difference between the mean and true 
Place of the Earth, till when this Area comes to be the greateſt, 
the Equation or Proſthaphæreſis will be the greateſt alſo; and this 


will happen in the point B, the common Intcrſe&ion of the Ellipſis 


and the Circle, for when the Earth deſcends farther to o, the Equa- 
tion becomes proportional to the Difference between the Areas 
ABE and BTIo, or to the Area 7o BH. 

For let G be the Place of the Body moving uniformly in the Cir- 
cle when the Earth is at o, and the Sector ES will be equal to the 
Elliptic Area A So and raking away the common Spaces, there 
will remain the Area ABE or HBP leſs the Area B 10, equal to 
the Area Jo PAH, equal to the Sector GS H or the Equation. 

2. That in the Perihelion and Aphelion, the middle and true Mo- 
tion of the Earth are the ſame, and conſequently the Equation or 
Proſthaphæreſis vaniſhes ; for the Semicircle EBX is equal to the 
Semi-Ellipſis A 2 P; but 

3. That after the Earth departs from the Periphelion P, its Mo- 
tion is conſtantly quicker, and it goes before the Body, moving e- 
qually with the mean Motion, and conſequently the true Place will 
be in conſequence of the Mean Place, and the Equation will be po- 
litive as in the former Semicircle, in moving from the Aplielion 
its Motion was conſtantly ilower, and the Earth followed the 
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Body moving with an uniform Motion equally with the mean Mo- 
tion, and conſequently the true Place will be in Antecedence of the 
mean Place, and conſequently the Equation or Proſthaphæreſis will be 
Negative: For let the Angle KSZ be proportional to the Time, 
take the Area PS equal to the Sector KSL, and x will be che Place 
of the Earth in her Orb, in conſequence of the mean Place Z, for 
the Angle PSx is greater than the Angle KSZ, and the Arca KB) 
will be equal to the Sector ZSy, and conſequently the Angle Z 5), 
the Equation in this Semicircle will be poſitive, as in the former 
Semicircle the Angle GSI or the Equation was negative; and 
this Equation Z Sy will be greateſt : likewiſe in the point F, 
the common Interſection of the Ellipſis and the Circle, for there the 
Area K xy will be the greateſt. Pp 
It has been already proved that in the point A the velocity of the 
Earth is leaſt, and that in deſcending from thence to the Perihelion, 
its velocity will conſtantly increaſe, but will be ſtill leſs chan the 
mean velocity till it arrives at B, when the Circle and Ellipfis cut 
each other, and when it becomes juſt equal to the mean: For when 
the Earth is in E, let the Body moving with the uniform cqual Mo- 
tion be in the point J and the Areas deſcribed round the Sun in the 
ſame infinitely ſmall Time be the ſmall Triangles gSB and ꝝ S and 
which muſt therefore be equal, and conſequently BBS is equal 
to #1xTS ; and becauſe ST and SB are equal, rB and l] will be e- 
qual, and the Angle 55 will be equal to the Angle # $1, and con- 
ſequentiy at the point B, the angular and mean velocity are 
equal. | 1 bony 
"Bur as the Eartn moves from B, and approaches nearer to the Pe- 
rihelion, the true velocity grows bigger than the mean velocity, and 
as it comes conſtantly nearer to the Sun its velocity will conſtantly 
increaſe, till it comes to the Perihelion P, where it is greateſt of 
all, becauſe its diſtance SP from the Sun is the leaſt; but the Earth 
departing ſrom thence and aſcending to the Aphelion, leaves the 
Body that proceeds conſtantly with a uniform Motion behind it, 
but as it receeds farther from ithe Sun its velocity decreaſes, but is 
ſill bigger than the mean velocity, till it comes to the point F the 
common Interſection of the Elliplis and the Cirèlè, when the angu- 
lar velocity of the Earth is juſt equal to the mean angular velocity, 
and after it has paſſed that point its velocity becomes leſs than 
the mean, and conſtantly diminiſhes, till it arrives at the Aphelion, 


when it is the leaſt of all, its Diſtance from the Sun at that time be- 
ing the greateſt | In- 
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Inaſmuch therefore as the Earth in her annual Motion round the 
Sun, is governed by the equal and uniform deſcription of Areas, 
which increaſe and decreaſe uniformly with the time, it is impoſſi- 
ble that ſhe can every where move with the ſame uniform velocity, 
but it muſt be conſtantly changed; and that in every different 
part of her Orb ſhe will acquire different Degrees of velocity, and 
therefore to determine her true Place at any given Time, we muſt 
find the Poſition of a Right Line as SI, which paſſing thro? one of 
the Foci S, of the Ellipſis | 
YR, will cot off a Tri- | 
lineal Area AST, deſcribed A 
by its Motion, to which 
the whole Area of the El- 
lipſis ſhall have the ſame 
Proportion that the Peri- 
odical Time of the Earth 
has to any other given Time, 
which Poſition being found, 
we ſhall haie the Place of 
the Earth, at the given V 
point of Time. 


This Problem was firſt 
propoſed by Kepler, after 
he had diſcovered the Law 
of uniform Areas, and tho? 
he never was Maſter of a P 
direct way of reſolving it as 2 
he himſelf ee tells — 
yet the Method that he made Uſe of in calculating the Py - 
refis, and computing the Places of the Planets wh Is 4 
be underſtood, fo 1t is very expeditious and certain in the practice 
and when the Excentricity is ſmall, as is the preſent Caſe, it is not * 
much inferior to the direct Methods now in Uſe. ; 

In the preceding Figure, Let 4TQPR repreſent the Ellipſis that 
the Center of the Earth deſcribes in her annual Motion round the 
Sun, S the Sun placed in one of the Foci, C the Center of the Orb 
and CS the Excentricity, A the Aphelion or point in the Orb where 
the Earth is at her greateſt Diſtance from the Sun, and P the Peri- 
helion, or point where ſhe is at the neareſt diſtance, then will F be 
f the 
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the greateſt Diſtance of the Earth from the Sun, and PS the lean 
Diſtance, and CPequal to CA the mean Diſtance. 

Let 7 repreſent the Place of the Earth in her Orb, at any given 
point of Time, and draw the Line ST, this therefore is called the 
Generating and Defcribing Ray, which while the Center of the 
Earth is carried from Athro T, Q, P, and R, to A again, will de. 
ſcribe the whole Elliptical Area 4 2 P Rand A. | 

Ou the Center C at the diſtance of CA. or CP, deſcribe the cir. 
cumſcribing Circle ABPD, and thro the point T or the Place of the 

Earth, draw the Line 7 F, perpendicular to A P, and produce it 
till it meet the Circumference of the Circle in the point t, and draw 
the Lines t S, tC, and 7 5, aud at Right-angles to AP draw the 
Line BD, then will QR be the ſhorteſt or conjugate Diameter of 
the Ellipſis. E | 
It has bcen demonſtrated in the 15:4 and 18th Articles of Seclion 

the 2dof Part the 1/2, in Page 85, that any Segment of a Circle as 

AtF, is to the correſpondent Seg ment ATF of the Ellipſis, as the 
circular Ordinate Ft is to the correſpondent elliptical Ordinate 
7 F; and in the 16th Prop. ot Section the 1, of Part the 1 in 
Page 44, it has been proved that the Area of the Triangle : S F is 
to the Area of the Triangle T SF, as the ſame Line : P is to the Line 
TF; wheretore by Cor: the 5th of Prop. the 15th, of Section the ist 
of Part the iſt, the circular Area Art S will be to the elliptic Area 
ATS, and conſequently the whole circular Area will be to the whole 
elliptical Area as che Ordinate : F to the Ordinate TF; that is 
by the 15h Article of Section the 2d, of Part the iſt in Page 83, as 

the Semidiameter of the Circle BC, to the Semi- conjugate Diame- 
ter QC of the Ellipſis, or as the Diameter of the Circle BD to the 
conjugate Diameter QR of the Ellipſis; that is becauſe AP and BD 
are equal, as the longeſt Diameter PA of the Ellipſis, to the ſhor- 

teſt QR; and the ſame Lau will obtain in whatſoever part of the 

Periphery of the Ellipſis the point 7 be taken: Hence the A- 
rea of any Trilineal Space in the Ellipfis, ſuch as AST being 
known, the Area cf the correſpondent Trilineal Space in the Cir- 

cle, ſuchas 4 St is known alſo ; and 0: the contrary, the Area of 
any Portion of a Circle being known, ſuch as A Se, the Area of the 
correipondent Portion of the Ellipſis, ſuch as A ST are given: 

And hence if we have a Method of drawing thro' the point b a 
Line as St that ſhall cut off an Area of the Circle as A fr, which 

Mall be to the Arca of the whole Circle in a given Proportion, it 

| will 
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will be eaſy to cut off an Area of the Ellipſis as AST, which ſhall 
have the ſame Proportion to the whole Ellipſis, viz. by letting fall 
trom the point t in the Circumference of the Circle, a Perpendicular 
on the Axis AP, which will cut the Ellipfis in the poim T required, 
to which draw. the Line S 7, and it will divide the Ellipſis in the 
iven Proportion; ſo thar 7 will be the true Place of the Planet 
or Earth, for if two Bodies 7 and # ſer out from the point A at 
the ſame time, one of which # moved thro? the Circumference of the h 
Circle, while the other ! deſcribed by its Motion the Periphery of | 
the Ellipſis when the Body : arrives at : in the Circumference of the 1 
Circle the Body T will arrive at T in the Periphery of the Ellipſis, 
and this will happen whereſoever the Line 7 Fbe drawn. | 

The Trilineal Space AST is called the mean Anomaly, and is e- | 

yer proportional to the mean Motion before inveſtigated; fo that if 1 
the carry ing Ray SF deſcribe the whole Elliptic Area in 365 Days 
zh 48 min. 57 ſec. the ſame Ray will deſcribe an Area as AST 
in one Day or 24 Hours, equal to 59 min. 68 ſec. 19 thirds, ſuch 
parts, as the whole Elliptic Area is 360 deg. oo min. oo ſec. oo 
thirds, in two Days, it will deſcribe an Area of r deg. 58 min. 16 
ſec. 38 thirds of the ſame parts; and ſo proportionally for a great- 
er or leſſer Space of Time. 

And as the Trilineal Space AST is called the mean Anomaly; 
the Angie ASP which the ſame Ray deſcribes in the ſame Time is 
called the co-equate Anomaly, and is ever equal to the viſible or 
true Motion of the Sun in the Ecliptic, and the Difference between 
thele two Anomalys is called theEquation or Proſthaphæreſis, which 
is Negative, while the Earth is paſſing from A thro to P, or thro 

the firſt Semicircle of Anomaly, and therefore. being ſubſtra&ed from 
the mean Motion of the Sun will give. its true Place; but during 
the time the Earth is going from P to A, and which is called the ſe- 
cond Semicircle of Anomaly, it is Poſitive, and being therefore ad- 
ded to che mean Motion, it will give the true Place. 

Kepler, who knew no direct Method of finding the true or co- 
equa e Anomaly from the mean Anomaly firſt given, made Uſe of the 
following Contrivance for calculating the Tables of Proſthaphære ſis. 

1. Having aſſumed the Arch Ar which is called the Anomaly of 
the Excentric, and which is equal to the Area of the Sector A S t, 
in ſuch parts as the Area of the whole Circle is 360 Degrees, Cr. 
at pleaſure, to this he added the Area of the Triangle C t S, in the 

ſame parts, and which is found by multiplying the Baſe C S by half 


of : E, and the Sum will give the whole Arca or Superficies - 4 
| whi 


* 
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which is called the Competent mean Anomaly, which will be to 
the true mean Anomaly or Superficies 4 5 (, as the longeſt Dia- 
meter of the Ellipſis 4 P to the ſhorteſt OR. 

2. To find the true or co-equate Anomaly or Angle AST corre. 
ſponding to the mean Anomaly, or Area AST before found, in the 
Triangle t SC are given, Ce the mean Diſtance of the Sun from the 
Earth, CS the Excentricity, and the external Angle t CA the Ano- 
maly of the Excentric at firſt aſſumed, whence by the fourth Caſs 
of Oblique-angled Plane | riaugles, having found the Angle A Sr, it 
will be, as the {ongeiſt Diameter of the Ellipſis AP to the ſhorteſt 
Q, ſo is the Tangent of theAngle AS laſt found, to the Tangent 
ot the Angle AS 1, the correſpondent co- equate or true Anomaly, 
and the Difference between this and the mean Anomaly before found, 
will be the Proſthaphæreſis, or Equation anſwering to the mean A- 
nomaly before found; and having thus found the mean and co- 
equate Anomaly, and the correſponding Equation tojevery Degree 
of the Anomaly of the Excentric, he could readilv find the Equations 
or Proſthaphæteſis anſwering to every whole Degree of Anomaly of 
each Semicrcle, by the common Rule of Proportion, as will appear 
by the following Examples 

ſt has been ſhewn that the Excentricity C & is 1692 ſuch Parts 
as the mean Diſtance is 100000, whence the greateſt Diſtance of the 
Sun from the Earth SA will be 10 1692, the leaſt Diſtance SP 98:08 
and the Semi-conjugate Diamster 999857 of the ſame Parts. 

In the 11th Article of Section the 2d, of Part the 187 in Page the 
84th, it has been ſhewn, that᷑ the Area of any Circle is to the Square 
of the Radius, as the Circumference of the ſame Circle is to its Di. 
ameter: Hence the Radius CA of the Circle CABPD will be found 
to be 10. 70476 ſuch parts as the intire Area is 360 and the Ex- 
3 CS. 1811244 of the ſame parts, theſe things being pre- 
miſed. 1 Di | 

Let it be required to find the mean and co-equal Anomaly, the | 
Anomaly of the Excentric being aſſumed equal ro 1 deg. oo min, 
od ſec. oo thirds, And | 

1/ It will be, as the Radius : to the Sine of the Anomaly of the 
Excentric : : ſo is the mean Diſtance CA, in ſuch parts as the Arc 
of the Circle is 360 Degrees: tor F in the ſame parts. That is, 


As 
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As the Radius — — Wa — — 10,0000000 
' To the Sine of the Angle CA 1%00.00—— 8.248553 
So is the Logatithm of CA 10.704 76= — 10295765 
To the Logarithm of F . 1868236 — 18 


— .. ——————_— 


2d, Becauſe : Fx4 CS is equal to the Area of the Triangle : C S. 
To the Logarithm of: F 1868236 ——— 9.271438 
Add the Logarithm of f CS '0g05622—» 8.9569469 


——— — 


The Sum —— 877 


Will be the Logarithm of .01691916, the Area . of the Triangle 
CS, in ſuch Parts as the whole Area is 360 ; this therefore added to 
the Area of the Sector AC f equal to ooo. oo, will give 1.0169 916 


for the Area of the Superficies ASt or Competent Anomaly. 


za, Becauſe the Area of the Triangle TE is to the Area of the 
Triangle : SF, as F to: P; or as BC to OC, it will be, 
As the Mean Diſtance CA 100000 


— — 


5.0000000 


To the Semi-Conjugate Diameter co 99985 .7———4.9999378 
So is the Competent Anomaly ASt 1,0169!916 —0.0072863 


— — 


To the mean Anomaly AST 1.016773—— =--— —q 0079441 | 


T—— MM 


Equal to 1 deg. 1 min. oo ſec. , and to find the correſpondent co- 
equate Anomaly, or Angle AST. | 

1. In the Triangle : CS are given, Ct the mean Diſtance equal 
to Iooooo and CS the Excentricity 69, and the Angle 2044 equal 


to 1 deg- oo min. oo ſec. whence to find the Angle : $4, it will be 


by the 4th Caſe of Oblique-angled Plane Triangles, 


As Ct+C$S: Ct CS:: t. CA: t. 2 RFEESA—S ©; that is, 


becauſe C: FA, and C *t—CS=8&P, As $A : p. 


242 73 4 


. 2 ww 
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As the greateſt Diſt: of the Sun from the Earth 10'692 5. 0052865 


— —— — 


To the leaſt Diſtance 98308 — 7 H＋ 9925889 
So is the T. of half the Anomaly of the Excentric 00-30 7.940858, 


+ —_— 


To the Tangent of + the Angle SAS 00. 29.00 7-926 1605 


Which being therefore added to oo deg. 30 min. oo ſec. half the A. 
nomaly of the Excentric, will give oo deg. 59 min. oo ſec. for 
the Angle : S4; whence to find the Angle ISA, or Coequate A. 
nomaly, it will be, | 5 
Fo: As CA: CO: : t. C SA: t,<TSA: that is, 


As the mean Diſtance CA 100000 =—————=———5-0000000 
To the Semi-Conjugate Diameter CQ 99985.7 4:9999378 
So is the Tangent of the Angle: SA 00.5 9.00—8.2346208 
To the Tangent of the Angle TAS oo. 58.593 —$.2345586 


Or true Anomaly, whith being taken from the mean Anomaly 
1 deg. o min. oo ſec. ; will leave oo deg- 02 min. ox ſec. nearly, 
for the Equation or Froſthaphæreſis anſwering to 1 deg. 1 min, 00 
ſec 3 of mean Anomaly. BO 
Alter the ſame manner, and by the like Method of Inveſtigation, 
if the Anomaly of the Excentric or Arch Ar be aſſumed equal 
to 02 deg. oo min. ov ſec- the Area of the Triangle : will be 
found equal to .03383316, and conſequently the Area of the Trili- 
neal Space AST or mean Anomaly, will be found equal to 2.033541, 
equal to 2 deg- 2 min. 1 fec.; alſo the Angle ASt will be foand e- 
qual to I deg. 58 min. oo ſec. and the Co-equate Anomaly A ST 
1 deg- 57 min- 59 ſec. and conſequently the. Equation or Proſtna- 
phæreſis oo deg. 04 min. o ſe - 
Whence to find the Equation or Pcoſthaphzreſis anſwering 10 
1 deg- o min. oo ſec. of mean Anomaly, it will be, as o1 deg- 
1 min. oo ſec. +, the Difference between the two mean Anomalies 
on deg. oi min. oo ſec-7, and 02 deg. 02 min. oi ſec. to oo deg: 
o min. o ſec. the Difference between oo deg. 02 min. ol fcc. 
and oo deg. 04 min. o: ſec. the two'correſpondent Equations, 45 
Þ ; 00 deg; 
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oo deg. o min. oo ſec. 5, the Exceſs of the given mean Anomaly 
above oi deg. oo min. oo ſec. to oo deg. oo min. 02 ſec. the pro- 
portional Part: which therefore taken from oo deg. 02 min. 01 ſec. 
the Equation or Proſthaphæreſis anſwering to oi deg o1 min. oo ſec. 
+ of mean Anomaly, will leave oo deg. 1 min. 59 ſec. for the abſo- 
ute Equation or Proſthaphæreſis anſwering to i deg of mean Ano- 
maly : and ſo is 59 min. nearly, the Defect of the leaſt mean Anoma- . 
ly, to 2 deg- oo min- oo ſes. to I min. 58 ſec. nearly, which there- 
re added to 2 min. 1 fec- the Equation anſwering to 1 deg. 1 min. 
oo ſec-of mean Anomaly, will give oo deg- 03 min. 59 ſec. for the 
Equarion anſwering to 2 deg- oo min. oo ſec. of mean Anomaly. 

In like manner the mean Anomaly anſwering to 3 deg. oo- min. 
co ſec. of the Anomaly of the Excentric will be found to be 03 
deg. 3 min. ol ſec. the co-equate or true Anomaly 2 deg. 56 min. 
59 ſec. the correſpondent Equation oo deg. 06 min. 02 ſec. and the 
Equation or Proſthaphæreſis anſwering to 3 deg. oo min. oo ſec of 
mean Anomaly, will be oo deg. of min. 58 ſec. and after the ſame 
manner may the Equation or Proſthaphzreſis anſwering to every de- 
gree of mean Anomaly, in either Semicitcle be inveſtigated, and the 
Tables of Equations conſtructed, 

How operoſe ſoever this Method may appear at the firſt view, 
yet if it be put in Practice, ir will be found to be very eaſy and expe- 
ditious: For, becauſe CS, CA and CO conſtantly remain the ſame, 
if to the Logarithm of : F in ſuch Parts as the Area of the Circle 
or Ellipfis is 360 deg. oo min. oo ſec. be added the Logarithm of 
half the Excentricity in the ſame Parts, the Natural Number an- 
ſwering to their Sum increaſed by the Anomaly of the Excentric, 
will give the Competent mean Anomaly, or Area A St, and if 
from the Logarithm of this Space be taken the Diference between 
the Logarithms of CA and CQ, the Remainder will be the Loga- 
rithm of the mean Anomaly. | 

Again, becauſe SA and SP conſtantly remain the ſame, if from the 
Tangent of half the Anomaly of theExcentric, be taken the Difference 
between the Logarithms of the greateſt and leaſt Diſtances, the Re- 

mainder will be the Tangent of an Arch to which adding half the 
Anomaly of the Excentric, we ſhall have the Competent co-equae 
Anomaly A Sz; and laſtly, if from the Tangent of this Arch be 
taken away the Difference between the Logarithms of CA and C,. 
the Remainder will be the Tangent of the true Anomaly or Angle 


Pn 
»Qqq 2 WOES. Thus 
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Thus in the former Example, where the Anomaly of the Excentric 
was aſlamed equal to 1* o' 00" if to 9.27143 18 the Logarithm of 
FE, in ſuck Parts as the whole Area is 360, be added the conſtant 
Number 8.9569469 the Logarithm of half CS, the Sum 8.228378), 
will be the Logarithm of 216919265, which added to 1 de ree, 
will give !-016919265 for the competent Anomaly : Laſlly, if — 8 
o 007: 863 che Logarithm of this Number, be taken away the con- 
ſtant Quantity 622, the Difference between 5 0000000, and the 
Logarithm of AC, and 4 9999378 the Logarithm of CO, the Rc. 
mainder 0-0072 241 will be the Logarithm of 1.016773, or 1 deg, 
oi min ooſec. ! the correſpondent mean Anomaly. 

Again, if from 7.9408584the Tangent of oo deg. 30 min. oo ſec. 
half the Anomaly of the Excentric be taken away the conſtant Num. 
ber 0-0146979, the Difference between 5.0072868 the Logarithm of 
101692 the greateſtDiltance, and 49925 889 theLogarithm of $8308 
the leaſt diſtance, the Remainder 7.9261605, will be the Tangent 
of oo deg. 29 min. ao ſec which being added to oo deg. 30 min. 
oo ſec. half of the Anomaly of the Extentric, the Sum oo deg. 59 
min. oo ſec. will be the Angle 4 t; and if from 82346208, the 
Tangent of this Augle, be taken 622 a conſtant Quantity, ang the 
Difference between the Logarithms of CA and C, the Remainder 
$.2345586, will be the Tangent of oo deg. 58 min. 59 ſec. ! the 
co-equateAnomaly or Angle AST required.* 

Atter this manner may Tables of Proſthaphæreſes for any or 
all of the Planets be conſtricted, their Excentricities or Diſtance 
of the Sun from the Center of their Orbs being firſt known or given. 
This Way of computing the central Equation of the Planets tho 
it be very eaſy, and every way adapted to the Uſes in Aftronom) 
for. which it was firſt invented, yet the Aſtronomers of former times 
would by no means allow. of it, as being not Geometrical ; and 
objected againſt the Hypotheſis it ſelf, Becaufe they knew of no 
direct way of finding the true Anomaly from the mean, and therefore 
they ſubſtituted other Hypotheſes in the room, as the Reader may ſee, 
if he will conſult the Treatiſes wrote about that time by Wurd, Bul- 
lialdus and others, but theſe being no ways conſentaneous to the Mo- 
tions of the heavenly Bodies, and incapable ot accounting for the Lau, 
that they are found to obſerve, Geometers ſince that time have ſer 
themſelves about finding out ſome direct way of inveſtigating the 
true or co-cquate Anomaly from the mean, in which they have hap- 
pily ſucceeded; and among the ſeveral Methods that have been 5" 

* Fo poſed, 


the Right line Sf, wherefore if we take the Arch AN or P pro- 
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ſhall make Uſe of that which ig 9; : 5 
poſed, I f ie ich is given by Sir age Neuron 
his Philo. Nat. Princip. Mathm. which! ; 
= r s 4 7 which is eaſy to be underſtood, 
In the adjacent Figure, let 
ATP repreſent a part of the 
Earths Orb, 4 N P the cir- 
cumſcribing Circle, C the Cen- 
ter, and S the Sun placed in one 
of the Foci, then will CS be the 
Excentricity. 


Thro T the Place of the Earth, 
ict TH be drawn perpendicular 
to the Axis A P, meeting with 
the Circle in the point Q, then 
will the Area of the Trilineal 
Space A'S ©, be to the Area 
of the whole Circle, as the time 
in which tne moving Ray deſcri- 
bed the Space ASQ, to the 
whole Periodical time. | 
From Q thro' the Center C draw the Line QC, and from & the 


Sun ler fall the Perpendicular S Fiupon Q C produced, if needful 
to F, then if the Arch of the Circle A N be taken proportional to 
the time that the Earth deſcribes the Space A & , I ſay that the 
Right- lire SF will be equal to the Arch N | 
For the Area of the Sector is equal to half QC multiplied into AQ, 
and the Area of the Triangle SQC is equal to half OC multiplied into 
SF, but the Triangle SCA the Sector AC, is equal to the Tri- 
lineal Space ASQ, wherefore the Area ASQ'is equal to half Q Cx 
AQ+*+ 2 CxS F, but becauſe halt QC is a conſtant Quantity, the 
Area 45 Q will be always proportional to the Arch 4 Q the 
Right line S F, when the Earth deſcends from the Aphelion to the 
Perihelion, or while ſhe is moving thro the firſt Semicircle of Ano- 


+ maly, but while ſhe is aſcending from the Perihelion to the Apheli- 


on, or while ſhe is moving thro the ſecond Semicircle of Anomaly, 
the Area PS is equal to the Sector PCq-» the Triangle CS, and 
conſequently the Area P $q will be proportional to the Arch p 


por- 
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portional to the time 4 Ar Fwill be equal to 4 N, and P q— 
Sf will be equal to Pu, for then AN and P x will be to the whole 
Periodical time, as the Spaces 4 S Q and PS, are to the whole 
Area, and conſequently proportional to the time. | 
Hence if the Arch AQ be known, the Arch © N equal to the 
Right line CF may be readily found, and conſequently the 
Arch A N &hich. is ever proportional to the time and equal to the 

mean Anomaly, and hence the Anomaly of the Excentric bei 
known, we are taught a direct way of finding out the correſpondent 
- mean Anomaly. 

In Sec. 2d of Part the 1/2 it has been ſhewn, that the Circumfe. 
rence of every Circle is to its Diameter, as 3.14159265 35 ＋ to L, 
wherefore if 360 be divided by 6-283 185 , the Quotient 57.: 9578 
will be the Length of an Arch of the Circumference of a Circle e. 
qual to the Radius, expreſſed in Degrees and Decimal Parts of 2 

Degree: Let © C be to SC, as the Number 57.29578 to a fourth 
Number, this will give us the Length of an Arch equal to & C the 
Excentricity.in Degrees and Decimal Parts, and let this Arch be 
called B, and becauſe SC is to SF as the Radius to the 
Sine of the Angle S CF or AC 9, ſay as the Radius tothe Sine of 
the Angle AC Q, ſo is the Arch B to a fourth proportional, and 
-this will give us an Archof the Periphery equal to the Right-line 
SF, and becauſe FF is equal to Q NN, we ſhall have an Arch AN, 
proportional to the time, and equal to the mean Anomaly. 

The Excentricity of the Earth is 1692 ſuch Parts as the mean 
Diſtance is r00000, whence to find the Length of SC in ſuch Parts 
as the whole Circumference is 360, it will be, | 


AS the meanDiſtance 10-000 T- — 5,0000000 
To the Excentricity W — 3.228404 
So is 57. 29578 , the Length of the Radius- 1.758226 


8 


To the Length of an Arch cqual to SC. 969444799865 230 


And becauſe the Radius is equal to 10,0000000, if to the Loga- 
Tifhmic Sine of any Anomaly ot the Excentric, be added the conſtant 
Logarithm of B, equal to 9:9865230, we ſhall have the Logarithm 
of the-correſpondent mean Anomaly, ſo that if it were required to find 
ehe mean. Anomaly, the Anomaly of the Excentric being 29 deg. 31 

min. 
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min. 20 ſec. to the Logarithm Sine of 29 deg, 31 min. 20 ſec, 
9.69256 20, add the conſtant Logarithm of B 9.9865 230, and the 
Sum 9.67 91594 will be the Logatithm of. 477705 equal to 28 min · 
29 ſec. 45 thirds or 28 min. 40 ſec. which therefore added to 29 deg. 
31 min, 00 ſec. the Anomaly of the Excentric, will give 30 deg. 
00 min. oo ſec+ for the competent mean Anomaly : And hence we 
are taught an eaſier and ſhorter Way, than that which Kepler 
has given, to find the- competent mean Anomaly from the 
Anomaly of the Excentric firſt given ; and hence we are taught 2 
direct Method of 2 _ 2 of the Excentric, and thence. 
| the co-cquate or true malys from any given mean Anomaly. 
For — the Arch AN "7 1 a 
which is equal to 4 242 N, is 
ever equal to the mean Anomaly, 
and conſtantly proportional to the 
true, if at any time the Arch 
AN and the Area 45 are pro- 
portional each to the time, and 
I take NP equal to SF, the 
point Þ will fall upon the point 
9, but if the Area AS A be 
not exactly proportional to the 
time, the point P will fall ei- 
ther above or below the point 
A, according as the Area 482 
is bigger or lefler than the 
Truth; let the true Area there- 
fore be ASq, and upon C 9 let 
fall the Perpendicular SE, which 
by what has been already ſhewn - | 
is equal to Ng, arid therefore SE F or SF<SE, that is near; y 


W the Line LE is equal to gzP=2P—2g, or 24—2P, now whe n 


the Angle QC is very ſmall, the Arch 2 will differ but littje; 
from a ſtreight Line, and conſequently we ſhall have CE: C: 

LE, g; that is, becauſe CE is nearly equal to g P=P P—Qg, 
CE:Cq: :PQ-Qq:Qq; wherefore CE+Cq :Cq: : (PQ 
r g=) Op: Cg; and after the ſame Way when Bq is leſs 
than-a Quadranr, Cq—CE : Cq: : Q: Qq, but when the Earth 
1s near the Aphelion or Perihelion, CE will be nearly equal A. 


— 
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CS, and COC E nearly equal ro C8, and. therefore Op 
:Qq::AS:AC, When the Arch Aq is leſs than a Qu, 
drant, but when Pq is leſs than a Quadrant QP: Qq : : 588: &. 

Make CS: CQ: : R the Radius to a Line L, and then CSy!.= 


COR, and C N alſo let Rad. : Co-five A CQ as $C. 


C or CE nearly, then RC E Co- ſine A C QXSC, and C E= 
þ. — - I 4 = whence we have by Subſtitution, 


Fo. 9325 fine A COC SLL. CSX L. 
Ahr ae n 


8 ; - 8 8 . 
by dividing the ſecond and third Terms by E we ſhall have Q! 


: Qq: : L Co ſine of ACQ': E when A Qis leſs than a Quadrant, 
bur it it be greater than a Quadrant, QF : Qq : : L—Co tine A0 
: L; ſo that if the Arch A Q or Anomaly ot the Excentric be aſſu 
med bigger or leſs than the Truth, we ſhall find the Arch Q q, 
which being added tc, or ſubſtracted from A Q, according as the 
Caſe happens, will give us an Area ASQ nearly propcrtional to 
the time, and if inſtead of AQ we take A q and proceed after the 
Jame manner, we ſhall have a new Qq, and conſequently another 
AQ, nearer to the Truth than the former, and by this means ne 
ſhall conſtantly approach to the true Arch, till che D.ﬀference b: 
leſs than any given Quantity. 

Let it therefore be required to find the co-equate Anomaly and | 

Proſthaphæreſis, the mean Anomaly being ſuppoſed 1 Degree: 
Take AQ the Anomaly of the Excentric equal to 58 min. oofec, 
equal to .966666, &c- then to. 8. 2271335 the Logarithm Sine of 58 
min, oo ſec, add 9:9865230 the conſtant Logarithm of CS, in ſuch 
Parts as the Circumference is 360 Degrees, and the Natural Num- 
ber. 016355 23 anſwering to their Sum 8.2136 565, will be equal 
to NP, this therefore taken from the mean Anomaly A N equal 
to 1.0000000, wiil leave AP equal to o. 9836447, from which 
therefore taking away A Qaſſumed equal to. 9666666, Cc. becauſe 
the point P falls below the Foint Q, and the Remainder 0 01697 
811, will be equal ro PQ; wheretore ſay, as L+Co-fine of ACQ 
to L, that is, as 60.1015126 to 59.101655, ſo is PQ equal to 
0.0169781 þo to Qq, equal. to 0,0166955, which being __ 

| 1 | adde 
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added to AQ equalto 9:66666, Tc. will give Ag equal to · 98336216 


equal to o deg. 59 min. 00 ſec- 02 thirds, ſor the true Anomaly of 


the Excentric, or true Length of the Arch AQ. 
The Excellency of this Method will better appear by aſſuming 


e Auen of · the Excentric different from what it was before, 
ro 


and wide from the Truth, whereby the Reader will readily ſee, 
that by applying the proper Correction, the Arch AQ firſt aſſumed, 
will 3 give the Truth, till the Differenee will become in- 
ſenſible. 

Let us now aſſume the Anomaly of the Excentric 42 in the for- 
mer Example, where the mean Anomaly was given x deg oo min. 
oo ſec. equal to 50 min. oo ſec. equal to 8.333333, Cc. Decimal 
Parts, then to the Logarithmic Sine of 50 min- o ſec equal to 8.16 
26808, add the conſtaat Logarithm of CS equal tu 9.9865 2 zo, the 
Sum 8 1492038, the Logarithm of . o 14099 will be the Length of 
NP, this therefore taken from AN equal to 1.0000000, will leave 
o 9859005 for the Length of AP ; from which taking away 4 equal 
to. 8333336, we ſhall have o. 15 25672 for the Arch PQ; where- 
forc as 1.778885 the Logarithm of 60.10 15492 to 1. 7715955 the 
conſtant Logarithm of 59. 10 1655, ſo is 9.18346 12 the Logarithm 
of QP, equal to 1525672, to 9.176171 f the Logarithm of . 1500 
276, the Length of the Arch Q, this therefore added to 8333333 
the Length of the Arch AQ, will give 983 3609, equal to oo 
deg: 59 min. oo ſec. os thirds for the Length of the Arch 9, the 
true Anomaly of the Excentric different from the Anomaly of the 
Excentric found by the former Calculation bur 4 thirds of a Degree. 

TheAnomaly of the Excentric being thus determined to be q deg. 
59 min. oo ſec. {the true or coequate Anomaly will be found after 


the manner taught in the Keplerian Method of Inveſtigation in Page 


477, to be 58 min. oi ſec. and conſequently the Equation or 
Proſthaphæreſis oo deg- 01 min. 59 ſec. | 

Let us now ſuppoſe the mean Anomaly AN to be 2 deg. oo min. 
oo ſec. and take A © equal to x deg 58 min. oo ſec. then to its 
Logarithmic Sine 8-5355228, add the conſtant Logarithm of C 
equal to 9.9865 230, the Sum 8.5 220458 will be the Logarithm of 
NP, equal to 0.0332695, this take from AN equal to 2,0000000, 
will leave 1.9667305 for the Length of AP, whence Qꝗ will be 
found to be 0.00006, and conſequently the Anomaly of the Excentric 


will be 01 deg. 58 min oo ſec. 12 thirds; hence the true or coe- 
A quate 
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quate Anomaly will be found to be ox deg. 56 min. or ſec. 2, and 
conſequently the Equation, or Proſthaphæreſis os deg. 03 min, ;$ 
ſec. 1. 7 

Again, if we take the mean Anomaly A IV equal to cz deg 
oo min. oo ſec. and 4 © equal to 02 deg. 57 min, oo ſec, we ſhall 
find NP equal to 0.0498920, AP equal to 2.950108, Qę equal to 
0.0001, and conſequently the Anomaly of the Excentric will be 
found to be o2 deg. 57 min. o1 ſec. whence the true or coequate 
Anomaly will be found to be 2 deg. 54 min. oz ſec. and conſequent. 
ly the Equation or Proſthaphæreſis oo deg. o5 min. 58 ſec. 

And after the {ame manner may the coequate Anomaly and Pro 
ſthaplære ſis be found to any Degree of mean Anomaly. 

Hence the Place of the Aphelion being known, we are taught: 
direct Method of finding the true Place of the Sun in the Ecliptic at any 
time propoſed. According to the Obſervations of Mr. Flamſteed, the 
mean Motion of the Apogœum, or point in the Earth's Orb where 
the Sun is removed at the greateſt diſtance from the Earth, andwhen 
his apparent Semidiameter is the leaſt, from the firſt point ot Aries 
in the Year 1681, at the time of the Vernal Equinox was 03 S. o) 
deg. 23 min, 42 ſec, and in the Year 1701, at the time when the 
ſame Equinox happened, the mean Motion of the {ame point from 
the firſt point of Aries was 3 S- 7 deg. 44 min. 42 fec. ſo that in 20 
Julian Years nearly, the Motion of the Sun's Apoge was 21 min, 
o ſec. and deducting from thence 4 min. 20 ſec. for the Motion of the 
Apoge, in reſpe& to the Fixed Stars, during that Space of time there 
will remain 16 min. 40 ſec. for the Motion of the Apoge in the 
ſame time whence the Annual mean Motion will be found to be 50 
Seconds. | SO X 

Hence the meanMotion of theApoge for two Years will be found 
to be 2 min. 06 ſec- for Three Years 03 min. og ſec and for Four 
Years 4 min. 12 ſec. for 40 Years 42 min. oo ſec. and for 100 Years 
1 deg. 45 min. oo ſec. Oc. for half a Year or 182 Days nearly, it | 
will be but 31 ſec. for Three Months or 91 Days nearly, it wil 
be but 15 ſec. 2, and for every 7 Days and a half it be will about 
one Second. | l 
The mean Motion of the Apoge at the time of the Yernal Equinix 
in the Year 1701, was o3 8 07 deg. 44 min. 42 ſec. from which 
ſubſtracting 12 Seconds for the Motion of the Apoge between that 
time and the laſt of December immediately preceeding, we ſhall _ 

2 a . 03 N 
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03 8. o/ deg. 44 min. 30 ſec. for the mean Motion of the Apoge 
from the firſt point of Aries on the laſt Day of December in the Year 
1700, which 15 the Number placed againſtrhe Year 1701 in the fi:{ 
Table, under the Column Enrituled The mean Motions of the Earths 
Perihelion from the firft point of Aries. | | 

Again, if to the mean Motion of the Apoge be added 21 min. 

oo ſec. the Motion for 20 Years, we ſhall have 3 S: 8 deg. os min. 

o ſec. for the mean Motion of the Apoge for the Year 1721: And 
if to the ſame mean Motion of the Apoge for the Year » 7c 1 cqual 
to 3 S. 07 deg 44 min. zo ſec. be added x deg. 45 min. oo ſec. 
the mean Motion of the Apoge for 100 Years, we ſha!l have 03 8. 
og deg. 29 min. 30 ſec. for the mean Motion of the Apoge for the 
laſt Day of December in the Year 1800, and which ſtands againſt 
the Year 1801 in the ſame Table, Cc. 

Again, as by ſubſtracting 21 min. oo ſec. the mean Motion of the 
Apoge ini2o Years, from 3 S. 7 deg. 44 min. 30 ſec. the mean Motion 
of the Apoge for the laſt Day of December 1791, we ſhall have the 
mean Motion of the A poge for the laſt Day of December 168 t, equal 
to 3 8. 07 deg- 23 min. 30 ſec. ſo by ſubſtracting :9 deg. 45 min. 
oo ſec. the mean Motion of the Apoge for 170 Years from 3 $. 07 
deg. 44 min 30 ſec. we ſhall have 2 S. 7 deg. 59 min zo ſec. for 
the mean Motion of the Apoge from the firſt point of Aries, for the 
laſt Day of December immediately preceding the commencement. of 
the Chriſtian Era. | : 

After this manner may the true Place of the Aphelion for a- 
ny time propoſed be readily. computed, and after this manner was 
the Table of mean Motion of the Apoge conſtructed. 

Let it now be required to find the true Place of the Sun in che E- 
cliptic on the 7th of May, in the Year 720, at Noon mean time. 

The mean Motion of the Sun from the firſt point of Aries on the 
31ſt Day of December 1719, at Noon mean time was 98 20 deg. 
o8 min. 03 ſec- to this therefore adding 04 S. 06 deg. 09 min 46 
ſec. the mean Motion of the Sun for 128 Days, equal to the Space 
of time between the 317 of December and the 7th of May following, 
and which is found by ſaying, as 365 Days 5 h. 48 min. 57 ſec, 1s 
to 128 Days, ſo is 128. oo deg. co min. co ſec to a fourth Pro- 
portional, and the Sum or S. 26 deg. 17 min. 49 {c- will be the 
mean Motion of the Sun from the firſt point of Aries at the time gi- 


ven · : | 
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The mean Place of the Apoge on the 31/ of December 1719 4 
Noon is oz S. o8 deg- 04 min. 27 (ec+ to this therefore adding 
22 ſec. the mean Motion of the Apoge for 128 Days, and the Sun 
3S og deg- 04 min. 49 ſec. will be the mean Motion of the Apoge 
at the time propoſed, this therefore taken away from 1 S. 26 deg 
17 min. 49 ſec. the mean Motion of the Sun from the firſt point gf 
Aries, will leave 10 8 18 deg- 13 min. oo ſec. for the Sun's mea 
Anomaly, whoſe Supplement 1 S. 1 deg. 47 min oo ſec. will be 
the diſtance of the Sun from the Apoge. 

Let us now ſuppoſe the Anomaly ot the Excentric 40 to be 40 
deg. 30 min. oo ſec to its Logarithmic Sine 9-8125444 therefor: 
adding 9.9865 230 the conſtant Logarithm of C 5, the Sum 9.79; WE 
£674 will be the Logarithm of NP, equal ta. 6296039, this thcre- 

fore taken from AN equal to 417833333, Cc. equal to 41 deg. 41 
min. oo ſec the Apogeon Diſtance, will leave A P equal to 41.3; 
7294, this therefore leſſened by 4 ©, aſſumed equal to 40 deg. of 
min. will leave .6537294 for the Length of PQ, whence Qq vil 
be found equal tro .6440480, and A Q equal to 4'.144048, equa! Wi 
to 4 deg. 08 min- 38 ſec. +, 
Hence according to the Rules delivered in. Page 481, 482,) ti: i 
true or coequate Anomaly will be found to be 10 8 19 deg. 29 min, 
18 ſec. and which therefore being added to the true Place of the A. 
phel.on 3S. 8 deg- 04 min 49 ſec. will give o1 S. 27 deg. 34 min 
o/ ſ<c. for the true diſtance of the Sun from the firſt point of Arie, 
and conſequently the Sun's Place in the Ecliptic is Taurus 27 deg. 
3 34 min. 7 {cc- 5 | 


The mean Anomaly was 10 8. 18 deg. 13 min, oo ſec. this there- 
fore taken from the true or coequate Anomaly laſt found, will,leave 
1 deg. 16 min. 8 ſec. for the Equation or Proſthaphæreſis, this there. 
fore added to 01 S+ 26 deg- 17 min. 49.ſec- the mean Motion ot 
the Sun from the Vernal Equinox, becauſe the Sun is in the ſecond 
Semicircle of Anomaly, will give 1 S. 27 deg. 34 min o/ ſec. for 
the Sun's true diſtance from the firſt point of Aries or Taurus 27 deg: 
34 min. 07 ſec. for his Place in the Ecliptic as before determined; 
and after this manner may the Place of the Sun in the Ecliptic be de- 
termined for any time propoſed, without the help of the Solar Tables 

firſt made or computed. = | 

The Length of the Vector S T ſee the Figure in Page 473, is e- 
ver equal to the diſtance of the Earth from the Sun, and to find it 
we. 


* 
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we have given firſt, in the Triangle S r E, the Angle : SF the com- 
petent Anomaly, the Angle : CS the Anomaly of the Excentric, and 
the Side C t the mean diſtance of the Earth from the Sun, whence 
to find St it will be by the 2d Axiom of Plaue Trigonometry. 


As S. C: S. RerCSrt:i CC; that is, 
As the Sine of the competent Anomaly, to the Sine of the Ano- 
maly of the Excentric, ſo is the mean Diſtance, to the competent 
$. Diſtance : C, and becauſe, 
The R: SF: : 8, t CF: Cr, 
And as R: F: : StS TEF: TC; it will be, 
As St, t SF: St, CT SF:.: S:: 5ST That is, 


As the Secant of the competent Anomaly to the Secant of the co- 
equate or true Anomaly, ſo is the diſtance laſt found, to the true 
diſtance of the Earth from the Sun. | 


ſec, the competent Anomaly, or Angle #SF 40 deg. 30 min 51 
ſec. à, and the coequate Anomaly 40 deg. zo min 37ſec. and 
firſt, 

As che Sine of the Angle: SC 40-30 511 —— —— 98126720 


To the Sine of the Angle ? CS 41.08.30 ——— 9.181968 


To the Secant of the Angle TSF 40.30.37 10. 1190211 
So is the Diſtance of St laſt found 101278 ——a—— 5.0055 248 


1 


Io the true diſtance S F 101 2749 . 5. 0054977 | 


Let it therefore be. required to find the diſtance of the Sun from 
the Earch in the former Example, viz. on the 7th of May 1720 at. 
Noon, when the Anomaly dt the Excentric was 41 deg. 08 min. 39 


\ 


So is the mean Diſtance Cr 1000000 5-0000000 
To the Diſtance C: 10128.8 — —— 50055248 

| Which being obtained ſay; 5 
As the Secant of che Angle : SF 40. 30.5 14 10 · 1190482 
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* Whence it appears that the diſtance of the Sun from the Earth 
at that time was 1e1271.8 ſuch Parts as the mean Diſtance wx 
100000, and its Logarithm 5.054879, when the Logarithm of the 
mean Diſtance was 5. 0000000 · | 
Kepler in his Commentary upon the Planet Mars, gives us tte 
following Rule for finding the Diſtance of the Planet from the Sun 
from the Anomaly of the Excentric only, viz. 1 
As the Radius, to the Co-ſine of the Anomaly of the Excentiic 
ſo is the Excentricity to a fourth Number; which he calls the Li. 
bration, which being added to the mean Diſtance while the Sun is 
moving thro the upper Semicircle, that is, when the mean Anomaly 
is greater than Nine Signs and leſs than Three Signs, but ſubſtraQeq 
from the mean Diſtance while theSun is moving thro the, lower Semi. 
circle, that is when the mean Anomaly is greater than Three Sign; 
and leſs than Nine Signs, will give the Diftance of rhe Planer from 
the Sun ; thus in the Triangle CSE (ſee the Figure in the next Page) 
where CS repreſents the Excentricity, and the Angle S CE <qual to 
CA the Anomaly of the Excentric it will be, 


As R: S. CSE: 7CS: CE. 


| Now 27 C--CE while the Planet is moving from R thro 4 to 9 
will give t E=TS, but f C=CN—CE while the Planet is moving 
from Q thro P to R, will give EN equal to S m, the diſtance ot the 
Planet from the Sun; ſo that in the former Example when the Ex 
centricy is 1692, and the Anomaly of the Excentric 4.1 deg. 08 
_ 39 ſec. to find the diſtance of the Sun from the Earth it will 


3 | g 


_— 


| To the Co-fine of 41.08.39—— ———— —— 9.876827; 


: To the Logarithm of 1274-1 — — ena 3.105227 


— — 


Which becauſe the Sun is in the upper Semicircle, cr which is 
the ſame thing, becaufe the mean Anomaly is greater than Nine 
Sigas and leſs than Three, added to 1.00000 will give 101274 tor 


the 
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the diſtance of the Sun from the Earth at the time propoſed : 
And the Reaſon of this Law is founded upon this, that if from 8 
the Place of the Sun upon any Ray tC or CN produced (if need 
he) 4 Perpendicular as S E be drawn, that t E will be always e- 
qual to TS, and NR will be equal to 8 m, wheteſoever the points 


F or m be taken. | 
| A. 


A 


For in the adjacent Figure, if ATQPmRA repreſent the Earths 
Orb, A the Aphelion and P the Perihelion, S the Place of the 
+ Sun, and T the true Place of the Earth, $ A the greateſt Diſtance, 
SP the leaſt Diſtince, S Q equal to C A the mean Diſtance, and 
TS the true Diſtance; in this Caſe of the Planet from the Sun, I 
ſay if from S the Place of the Sun, a Line as & E be drawn perpen- 
dicular to t C, till it meet et C produced in E, that t E will be e- 
qual to T S. 

37 COQ : : t Fg: T Fgz, by the r5th Article in Page 
the 85h, f | 

And BCq: BC4—C Q:: t Fg: t Fq—TF9 (by the 17th Cor. 
of Prop. the 1 5th, 

. Wherefore BCg : t Fg: : C Sg: t Fq—TF9q by the 13th Cor. and 
th Prop: 

Again, C tq : t. Fa: : C Sq: S Eq, by Prop. the 186 ; 

* n K 1 There $ pere 2755 

nd conſequently t Ey t Sa =) t F =)—t T 
 t+TFq=TS4. Wherefore, t Er 84. Attd 
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After the ſame manner it may be proved that E N will be equy 
to S m, wherefore, Cc. as was ro be demonſtrated, 

After the ſame manner may the Geocentric Place of any of dt 
Planets and its Diftance from the Sun be inveſtigated, whence ay 
from the Inclination of its Orb, may the Geocentric Place, and th 
true Diſtance of the Planet from the Earth be inveſtigated, withoy 
the help of Tables by the common Rules of 1rigonometry , but d 
this as well as of ſome other Matters relating to the Theory of the 
- Planers Motions, I ſhall treat of at large in à Diſcourſe by it {ett 

it God ſpare me Liſe and Health, : 


NEW 


1 


NEW 


ESOLAR TABLES. 


| Deduced from the 
I | Flamſtcedian Obſervations, 
; Made at the 
Royal Obſervatory in Greenwich-Park : 


AND 


Conſtructed after the manner Taughe in this | 
SECTION. 


Ss's © 


— cncegot 


— 


194 The Equations of Apparent Time : 
Subſtract from the Apparent if the Sun's || Subſtract from the | 


Mean Anomaly be 
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Add to the Apparent Time. 


{Add to the Aphelio!| 


1 able of the Earth's Mean 
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the Peribelion, &c. 


Motion, the Place of 


Tear, Ii. Motion of | The G Perihelion | Common | Mean Motion | The Feribs lion 
the Earth from | from the Vernal || Tears | of the com-| ard Flxed 
Carrent\the Equinox. Equinox. pleat Nears.) Stars, 
Tears, | S. ? £815 ds 2 107 Tears EF ALY S.EF 
1907.5 2.50 2.07. 59. 30 1 11.29.45. 40 [00.01.02 
1501 | 919.12.50 3.04. 14. 30 2 111.29. 31.20 o. 00. 02.06 
1581 | 9g.19*49-25 [ 3005.38.30 3 11. 29.17.00 | 0.00.03.09 
1601 | 9.19.3820 | 3:05:59-30 4 | 11-00-01-49 | 0.00-04.12 
1621 9.20.07.34 3.06. 20.30 5 11.29.47. 29 0. 08. 05.1 
1641 9. 20. 16.38 3. 06.41.30 G6 | 11-29 33.09 Jo. oo. o6. 1 
1651 | 9,20'25442 ff 3-07-02430 | 7 [11-29-18.49 } 0.00'07.21 
1681 | 9.20-34+46 37.23.30 8 [oo00003.37 | 0.02.08. 24 
1701 9.20.43. 50 3.07. 44.30 9 11.29 49.18 0.00.09. 27 
1721 9.20.5 2.54 3.08.05. 30 10 | 11.29.3458 0. 00. 10. 30 
22 | 9. 20.38.34 3.08.06. 33 11 11.29 20.38 0.00. 11.33 
229.20. 24˙10 3-08,07-37 K 00.09.05426 | 0.00*12.36 
24 | 9.20.09.54 3.08.08. 39 13 | 11-29.51.06 | 8.00. 13.39 
25 9.20.5 4.43 3.08.09. 42 14 | 11.29.35:47 | 0.60. 14.42 
26 | 9.20.40.23 3-08.10,45 15 11.29.22.27 | 0.00.15.45 
27 9. 20.25.03 3.08.11.48 16 oo. 00. 03. 15 o. oo. 16.48 
28 9.20. 11.43 3.08.1251 17 111.25 52.55 0.00. 17.51 
29 [9.20.5 6.31 3.08.13˙54 18 11.29.38.35 [o. oo. 18.54 
30 [9.20.4212 3.08. 14.57 19 11.29.2415 ©.00,19.57 
31 | 9.20 27.52 3-05.16.00 20 | 0.009994 | 0,00,21.00 
32 | 9420.13.32 3.08.1703 40 0. 50. 18.08 0,00. 42.00. 
33 J 9.20.5 8. 20 3.08. 18. 06 69 [o. oc. 27. 12 0.01 03. 00 
34 9.20.44. 00 3.08. 9. og 89 00.35.15 | 0.01*24.c0 
37 $-20-29.41 3 08.29.12 |] 100 | 0.00.45.20 | 0.01.45.09 
36 | 9˙20˙15.21 3.08.21.15 200 0.01.29 40 | 0403.40.00 
37 | 9.20.00.0g 1 3.08.22.18 300 0.02. 16. 00 | 0.05.15-00 
33 | 9.20.45 49 3.08. 23.2 l 400 o. O3. 01. 20 o. 7 .o 
_39 | 20.31.29 3.08.24.24 500 | 0.03.45.40 | 0.05.45.00 
40 9.20. 17. 09 3.08.25. 27 600 0-04-32.00 [o. io. 30.00 
1741 | 9.21.01.58 3-08.29.30 [[ 700 { 0-05.17,20 | 0:12.15.00 
1761 9.21.1102 3708.47.35 800 cc. oz 40 |. 0-14:00%0 
Der git 23.09. 0 30 900 0.06. 48.00 © 15.45.00 
1851 [9.212.910 3.59.29, 30 1000 [0.07.32 20 | C30 
1821 9.21.38. 1 3.09. 50 · 30 2020 0. 15. 06.40 1.05. oo. oo 
1841 | 9.21.47.1 3.10.11-30 3000 0. 22. 14.00 1. 22. 30. oo 
1351 J 9.21.56.22 3-10-3230 I 4090 | 1.00. 1 3. 20 | 2.10.00,00 
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A Table of the Earths Mean Motions 
| January. February | * March. 2 ET Apr” 
| SlEarths Mcan | © Frere Mean EarthsMean EarthsMean J 
S Mot ion. Motion. Not ion. Motion. 
rr 7 0 7-0 
5 00 59 08 C 1 01 32 47 [5 1 29 08 2011 ? 29 41 pj 
| 2 on 58 17 0 [x 02 31 35% [2 00 07 23] |3 co 40 g6þg 
35 02 57 25 oc 1 03 30 431] 2 O1 06 36|1c 3 OI 39 55ſie 
46 03 56 33 01 1 0 29 $2] 2 02 O5 45]ich 13 92 39 0116 
512 04 55 42/01 1 95 29 O0 oe |2 03 24,53} [303 35 13] 
5 54 $0,0! 1 06 28 0856 2 04 04 51, |; 04 37 7 
3 53 58 01 107 27 16 0e 2 05 03 101t1 3 05 36 27114 
$12 07 53 07 n 1 08 26 2557 2 06 02 1810 3 06 35 3617 
9 O8 52 1301 1 og 25 33% 2 07 o 26|11] |; 07 34 45[17 
102 51 23102 1 10 24 4107 2 08 00 35 tif 3 05 33 53117 
110 19 50 32 [02 I 11 23 50157 208 59 4312 3 og 33 our) 
0 £4 49 40 j02 1 12 22 55 7 2 09 58 51115 3 10 32 10ſ 
15 12 48 48,02) [r 13 22 06 57 2 10 58 oo rA {3 11 31 18h) 
14 13 47 57,02) fi 14 21 159g [21157 08/12] 3 12 30 26h 
19 14 47 ©5125; Ix 15 20 2358 2 12 56 1672 3 13 29 34/0 
160 15 46 130: 1 16 19 31 [8 2 13 55 2511 3 I4 28 44th 
170 16 45 220. 1 7 18 4058 2 14 54 3313 3 T5 27 511 
11 17 44 30/0} fi 18 17 48] g| [2 1553 4113 3 16 27 00 
19 18 43 38 [03 119 16 56580 [2 16 52 5Oſt3Þ [3 17 26 ogh1; 
2c} 19 42 42 47193 1-20 16 04 8 217 51 59 13 218 25 11 
21Þ 20 41 5503 1 21 15 1309 [218 51 06[13 1 
22 21 41 03 04 122 14 21 9 2 19 50 1514 3 20 23 3319 
23 22 40 12104 23 13 30 P 2 20 49 23144 |3 21 22 41]ig 
240 23 39 20104 1 24 12 38 p 2 21 48 31/144 3 22 21 492 
250.24 38 2804 1.25 11 469 2 22 47 404] |3 23 20 58]! 
20 25 37 37% [12610 55 f [2 23 46 4814] 3 24 20 06 
279 26 36 45 [04 1 27 10 o; io 2 24 45 56115 3 25 19 IA 
2512 27 35 53% [1-28 og 110 2 25 45 O5|15] 3 26 18 230 
Ey 28 35 0200 2 26 44 1315 [3 27 17 2120 
As 29 34 10 25 | 2 27 42 2 22 28 16 8 39 ¹ 
xl: © oO 23 18 [55 | 2 28 42 20 16 7 
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=] lune I 1 Auguſt E 
— Earths Me a Earths Mean Eartbs Mean 
B Motion. Motion Motion. 
1. I. "4k 364.4 18 A. 60d 8 — 
4 29 49 0626 5 29 23 1631] Pes 29 56 34137 
400 14 5621 5 00 48 14126 6 00 22 24131 97 00 55 42137 
1 01 14 0421 5 or 47 23/20 26 01 21 32132 97 Ol 54 51137 
1 02 13 13021 5 02 46 31127 26 02 20 40132 G7 02 53 59137 
4 03 12 21j21] 15 03 45 3927] [09 93 19 4932] [27.23 53 07137 
I 04 11 292] |5 04 44 48Þ27] [6 04 18 57132) |o7 04 52 16867 
| 714 05 10 3522 5 05 43 $6127 26 05 18 06132 07 05 51 24038 
$14, 06 og 46022 5 06 43 04127 06 06 17 14132 07 05 30 32135 
614 07 03 54122 5 07 42 13127 26 07 16 22133 07 o/ 49 41135 
100 05 08 08 ©3122 50 08 5 41 2108 06 08 15 31133 07 o8 48 49138 
1101 03 67 112 |5 09 40 2 65 og 14 39!33] [7 og 47 57138 
1204 10 06 15123 5 19 39 38028 o6 10 13 47133 07 10 47 06135 
1214 11 05 25123 5 11 384628 06 11 12 56133 O7 11 46 14135 
1444 12 04 36123 5 12 37 54128 96 12 12 ©4433 97 12 45 2213$ 
15]4 13 03 4423] 5.13 37 93Þ5 po 131t 1044 2 13 44 31139 
1914 14 02 53023 5 14 36 11129 26 14 10 21134. 07 14 43 39139 
1714 15 02 01124] 15 35 1912gh 926 1509 29134] 7 15 42 4713 
1814 15 01 og}eq [5.16 34 280298 os 16 08 37134] 7 16 41 56039. 
1/4 17 oo 18024 |5 17 32 362g 06 17 07 451334] 97 17 41 94440 
2014 17 59 261244 ] 18 32 44/29] (06 18 06 54134] {07 18 40 12140 
2:14 18 58 3424 5 19 31 53/25 06 19 06 ©2135 07 19 39 2740 
2214 19 57 45124 5 20 31 01 30 06 20 05 T1135 o7 20 38 27140 
2214 20 56 5/25 5 21 30 .0g]3u] [06 21 04 19135 27 21 37 37140 
24/4 21 55 580% J 22 29 483] 06 22 03 27135 07 22 36 4640 
2514 22 55 0525 5 23 28 26130 06 23 02 2925 07 23 35 5441 
2614 23 54 16125 5 24 27 34|3c 06 24 01 44136 07 24 35 02141 
2714 24 53 24]25 5 25 26 43j31 06 25 oo 52136 O7 25 34 11141 
2804 25 52 3325 5 26 25 51131} $06 26 00 01136 97 26 33 19/41 
2914 26 51 4126 5 27 24 59031] ſos 26 59 09135 27 27 32 25/41 
3214.27 50 45126 5 28 24 08131 86 27 58 17136 07. 28 31 3642 
314 25 49 55126 _— 12 57 2536 97 29 30 441g: i 


> — 


& 


12 


5 20 38 12 Al a 


13 
10 29 12 Si 


| A Table of the Earths Mean Motions. 

— September. 3 October. ' | November. | | =—==2Ak 
Sl Earths Mean Eart hs Me Earths Mea Earths Mem 
= | Motion. Mot ion. Morion. | M'ticy, 

6 tes. © 8 E 433 Farm] Farm 

nr 3 Oo 29 52142 OO O4 04147] 110 00 37 20053 11 00 11 30% 

| 2]3 91 29 oi Þ or 03 047} 10 01 36 29/533 [I ol 10 30 
213 02 28 os}: 02 02 19947] 10 02 35 37153] = 02 09 4jj 
413 03 27 17];2] 93 01 27148] . [1093 34 45/533 11 03 08 60% 
$513 04 26 342] [9:24 22 35]4:} [1004 33 54153] f 04 8 0% 
613 5 25 34143] |9 94 59 44]4b) [roo 33 523] [11 o5 07 12% 
713 06 24 42143 9 05 58 52145 10 06 32 104 11 06 06 21); 
818 o7 23 51143] |9 25 58 oa Ito o 31 190544 Pit 07 os fly 
913 08 22 59/1] [9,97 57 08445] Jroo8 30 27544 [11 08 og 7% 
1008 og 22 07144] [2198 56 17]45 10 09 29 35154 11 09 0347 
11]5 10 21 164] [909 55 2/4 [ro 10 28 44/54] 11 10 o2 536 
12]3 11 20 24144] |9 19 54 344 ho 11 27 52154] [#7 11 02 02g 

11318 12 19 32144 911 53 42149 10 12 27 Col55 11 12 ol Io 

11448 13 18 41144 9 12 52 5049 10 13 26 095 11 13 00 1960 
1508 14 17 494] 8 [ro 14 251755 rr 13 59 276 

1168 15-16 5745 914 51 07550 IO 15 24 25/55 11 1455 3361 
1715 16 16 0545 9 15 $0 15]5c 10 16 23 34155 11 15 57 4364 

11808 17 15 14]45] [9 15 49 2450 19 17 22 425% fl 16 56 524 
1908 18 14 22450 |9 17 49 3250 10 18 21 50056 [It 17 56 00% 
2008 19 13 3oſd5| [92.15 47 407% 10 19 20 59156 I1 18 55 05% 

12113 20 12 3945] 9 19 46 4955 19 20 20 07156 1 19 54 176 

122]8 21 M 4746] ] 20 45 57Þ! 10 21 19 15/56] [11 20 53 256 
2318 22 10 56146] J 21 45 055 10 22 18 24156] 11 21 52 326 
2408 23 10 04 40 5 22 44 1445! 10 23 17 32157 11 22 51 4262 

42. 09 124] [9 23 43 221510} Pee Pit 23 57 5062 
2618 25 03 20] |9 24 42 3 | [12.25 15 4957] Þ1 2449 55% 
2713 26 07 2946 J 25 41 3955 [ [1026 14 57157] hi 25 49 0 
2818 27 06 37147] Js 26 40 4752 10 27 14 0657 11 26 48 146 
2908 28 o5 45147] J 27 39 55Þ*1 10 28 13 13158 11 27 47 276 
3008 29.04 54/47] 19.28 39 847. 11.28 46-326; 
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The life of the following Table 501 


By the help of the Tables thus conſtructed, may the Place of the 
Sun in the Ecliptic at any time be eaſily and readily computed, by 


obſerving the tollowing Directions. f 
1. In the firſt Table Entituled 4 Table of the Mean Motions, &c: 


Lek the given Lear in the firſt Column on the Left-hand, if you 


{nd it not, take the mean Motion anſwering to the next leſs Year, 
and to it add the mean Motion for the Reſidue of Years; as alſo the 
mean \. otions anſwering to the Day of the Month, Hour, Minute, 
c. in the firſt, ſecond and third Tables, and the Sum will give the 
mean Motion of the Sun from the firſt point of Aries, or mean Place 


| of the Sun; alſo at the ſame time take out the mean Motions of the 


perihelion ſtanding againſt the reſpective Years, Months, Days, 
Hours, Cc. add theſe together, and the Sum will give the mean 
Longitude of the Perihelion, or its Diſtance from the firſt point of 
Aries, 
2. Subſtract the Longitude of the Perihelion from the mean Mo- 
tion, the Remainder is the mean Anomaly. | 
With the mean Anomaly thus found, enter the 4 Table, 

Entituled A Table of the Equations of the Earths Orbit, and finding 
the Sign in the Top and the Degree in the firſt Column, on the Left- 
hand, if it be leſs ſthan fix Signs, but if it be more than fix Signs 
then ſcek the Sign at the Bottom, and the Degree in the utmoſt Co- 
lumn on the Right-hand, againſt it in the common Area take out 
the Equation, by making Proportions where requiſite ; this, if the 
meanAnomaly be leſs than 6 Signs ſubſtracted from, but if it be more 
than 6 Signs added to the mean Motion, will give the Sun's true 
Place in the Echiptic. | | 

Let it therefore be required to find the Place of the Sun on the 725 
of May 1720, at Noon mean time | 

1- In the firſt Table againſt the Year 1701, the nent leſs Year to 
the given Year I find 9S. 20 deg 43 min. 49 ſec, for thc Sun's mean 
Motion or radical Place, to this therefore adding 11 S. 29 deg. 24 
mn, 14 ſec. the mean Motion for the 19 remaining Years, 48. 6deg. 
9 min. 46 ſec- the mcan Motion ftanding againſt the 87 of A ay in the 
24 Table, becauſe the Year propoſed is Leap-Tear; and the Sum 18. 
26 deg. 17 min. 49 ſec. will be the mean Motion of the Sun, or his 
mean Place at the time propoſed ; alſo in the firſt Table in the 24 
Column againſt the given Year I find o; S. 7 deg- 44 min. 30ſec. 


for the radical Place of the Perihelion, and to it adding oo S. oo d. 


See” 19 min 
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19 min. $7 ſec. the mean Motion for 19 Years, alſo oo 8. 
oo min. 22 ſec. the mean Motion ſanding againſt the 8h of Ae j 
the third Table, the Sum 3 S. 08 deg. 04 min. 49 (ec. will be the 
mean Motion or the mean Place of the Perihelion, which being take 
from 1 $' 26 deg. 17 min. 49 (ec, the mean Motion before found 
will leave 10 S. 18 deg. 13 min. oo ſec. for the mean Anomaly 
Entering therefore the fourth Table with 10 S. 18 deg. 13 min, 6 
ſec. the mean Anomaly, in the Column over ro Signs, and right + 
gainſt 18 deg. (the next leſs whole Degree) in the Right-han 
Column, I find 1 deg. 16 min. 38 ſec. and againft 19 degrees the 
next greater whole degree in the ſame Column, I find 1 deg. 15 min 
o/ ſec. then I ſay, as 6o min- the Difference between 10S. 18 dep. 
o min. oo ſec. and 10 S. 19 deg. oo min. oo ſec. of mean Anony 
ly, to 1 min. 3 ſec. the Difference between 1 deg. 16 min. 38 ſec 
and 1 deg. 15 min. o) ſec- the correſpondent Equations, ſo is 1; 
min. oo ſec. the Exceſs of the given mean Anomaly above 108 
18 deg. oo min- oo ſec. to 20 ſec. fere, this becauſe the mean 4. 
nomaly anſwering to 10 S- 19 deg. oo min oo ſec- is leſs than the 
mean Anomaly anſwering to 10 S. 18 deg. oo min. oo ſec. ſub 
ſtracted from 1 deg. 16 min. 38 (ec the Equation anſwering to 10 
S. 18drg: oo min. oo ſec. will leave 1 deg. 16 min. 18 ſec. the F- 
quation anſwering to 10 S. 18 deg. 13 min. oo ſec. the proper meat 
Anomaly, this therefore added to the mean Motion o1S. 26 
deg. 17 min. 49 ſec. becauſc the mean Anomaly is more than (i 
Signs, will give 1 S. 27 deg. 34 min. o/ ſec. for the true Place 0 
the Sun, or his Diſtance from the firſt point of Aries. 

2. Again Let it be required to find the Sun's Place on the 24th U 


June 1722, at 6h. 24 min 50 ſec. P.M. the Operation is as follows 


00 dep, 4 


Aud 
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| M. N. Sun, M.M. Perthelion]/ 


w” 


8.21 ger» 
1721 1229454 3.038-05-17 
8 


| t[11.29.45.4 5o | 
June 24) 5-22.29.18] _ 24 | | 
6h. 14-47] 3-08.06.31t [M. M. Perihelion 


* 59 343:23:37 M. M. Sun 
1: 2 Ba 0.05.17 96 [Mean Anomaly. 
wean Motion Sun 3.13.23-37 by 
5 Equation add 0.10.28 | 
Sun's Place. _3-13+34-25'0r> 12* 24' 6“ 


| And proceeding after the ſame way, may the Place of the Sun 
{ be computed to any time given. 

The times to which the Tables are fitted are mean times, and 
therefore if the time given be Apparent time, it muſt firſt be reduced 
into mean time, according to the Rules laid down in the former 
&#ion; or elſe proper Allowance for the Motion during the. Interval 
muſt be made. | | 

The Sun's Place being thus obtained, his Right Aſcenſion from 
either Equinoctial Point, and his Declination from the Equinoctial 
it lelf may be had by Inſpection, in the following Tables to every 
two Minutes of the 8 ; the firſt of which ſhews the Declina- 
tion of the Sun, or of any point of the Ecliptig, to every two Mi- 
nutes of the Ecliptic, and the ſecond his Right Aſcenſion to every 
two Minutes of the firſt Quadrant in the Ecliptic, whence his 
Right Aſcenſion may be had to every two Minutes in the other 3 
Quadrants of the Ecliptic, by Addition or Subſtraction only, the 
gteateſl Declination being fixed according to the accurate Obſerva- 
tions of Mr. Flamſteed at 23 deg. 29 min. | 

For by finding the Sign che Sun is in, and the Degree ot that 
Sign in the Top, and the Minutes in the Left-hand Column, if the 
Sun be in the farſt or third Quadrant of the Eclipt c, but if he be 
in the 2d or 4th Quadrants of the Ecliptic, by finding the Sign the 
Sun is in, and the Degree of that Sign at the Bottom, and the Mi- 
* Nit nutes 
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nutes in the Right- hand Column in the common Area, you will have 
the correſpondent Declination; thus if the Sun be ſuppoſed to be in 
22 degrees of Taurus or 22 degrees of Scorpio, by ſearching tor the 
Sign in the Head, and rhe Minutes in the Right-hand Column in the 
common Area, you will find 19 deg. 38 min. 44 ſec. which is the 
correſpondent Declination, and which is North, if the Sun be in 
26 degrees of Taurus, but South, if he be in 26 degrees of Scorpia, 

In like manner, if the Sun had been in 4 degrees of Leo or in 4 ge. 
grees of / quarius, then by finding the Sign and the degree of that 
Sign in the Bottom, and the minute in the Right-hand Column, we 
mall find in the common Area 19 deg. 38 min. 44 ſec, for the pro- 
per Declination, which is North, if the Sun be in Leo which is in the 
third Quadrant; but Souti if the Sun be in Aquarius, which is the 
f. urth and laſt Quadrant. 

But if the Sun's Place does not confiſt of any even Number of 
minutes, then a proportionable part mult be allowed forthe Exceis 
or Defect. 

Thus for Example, ſuppoſe it were required to find the Declinati- 
on anſwering to 27 deg. 33 min- 57 ſec. of Taurus, becauſe this 
Number cannot be exactly found, I ſeek for the Declination anſwer 
ing to the next leſs Tabular Number, viz. 27 deg. 32 min. oo ſec. 
and find it ro be 19 deg. 38 min. 44 ſec. after that I ſeek for the 
next greater Tabular Number, viz. 27 deg 34 min. 08 ſec. and 
find the Declination correſponding to it to be 19 deg. 39 min. 11ſec. 
then ſay as 2 minutes or 120 ſeconds, the Difference between 27 
deg. 32 min. oo ſec and 27 deg. 34 min, oo ſec. to 27 ſec. the Dit- 
ference between the correſpondent Tabular Declinations, ſo is 1 min 
57 ſec the Exceſs of the given Place above 27 deg. 32 min. oo ſec. 
to 26 ſec. nearly, which being added to 19 deg 38 min. 44 ſec. the 
Declination correſponding to 27 deg. 32 min. oo ſec- becauſe the 
Declinations are increaſing will give g deg. 39 min. 10 ſec. for the 
Declination anſwering to 27 deg. 33 min. 57 ſec: or ſo is 03 fcc. 
the Defect of the given Declination 27 deg- 33 min. 57 ſec. to 27 
deg. 34 min. oo ſec, to oi ſec. nearly, which therefore taken from 
29 deg- 39 min. 11 ſec. the Declination anſwering to 27 deg, 34 
min. oo ſec will leave 19 deg. 39 min. 10 ſec. for the proper De- 
clination, and which is North, becauſe the Sun is in the firſt Qua- 
drant of the Ecliptic ; and after this manner may the Declination 


anſwering to any point in the Ecliptic be found. Thi 
his 
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This being well underſtood there is no need of Exemplifying the 
Uſe of the 2d Table, ſince as it is made to every two Minutes of 
the Quadrant, the correſpondent Right Aſcenfion to every point in 
the Ecliptic may be found after the ſame manner as the Declination 
was in the former Example, mutatis mutandis; but inaſmuch as this 
Table is only made to the firſt Quadrant of the Ecliptic, to prevent 
the ſwelling of the Book too much, it may not be amiſs to ſhew 
how it may be continued, or made to ſerve for any of the other 
three Quadrants, for as the ſame Quantity of Right Aſcenſion 
anſwers to the ſame correſpondent Longitude reckoned from the ſame 
Equinoctial point, if the Sun be in the 2d Quadrant of the Ecliptic 
the Right Aſcenſion found muſt be ſubſtracted from | 80 Degrees, 
if in the 3d Quadrant it muſt be added to 180 Degrees; and laſtly, 
if he be in the fourth and laſt Quadrant it muſt be ſubſtracted from 
260 Degrees, and the Quantity thus produced will be the pro- 
per Rigar Aſcention, that is becaule the 27th deg. 33 min. 57 ſec; 
of Taurus or Scorpio, or the 2d deg. 26 min. 3 ſec. of Leo or Aquarius 
are each of them equi-diſtant from the two Equinoctial points, the 
correſpondent Right Aſcenſions will be found to be 55 deg. 17 min. 
oz ſec. and 235 deg. 17 min. 03 fec. or 124 deg. 42 min. 58 ſec 
and 304 deg 42 min 58 ſec. as is abundantly manifeſt. 


Here follows 


Correct TABL E, ſhewine the De- 
clination to every Two Minutes of the Ecliptic ; the 
greateſt Declination-or Obliquity being fixed, at 23 deg. 
29 min · 
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Sect, XXI. 
Of the Orthographic Projection of the Sphere 


Onceive the Eye placed at an infinite Diſtance from the Globe, 
and at the ſame time a Plane to paſs thro the Center of the 
Ciobe, and to Rand at Right-3ngles to the Line connecting the Cen. 
ters of the Globe and Eye, if from the Eye thus poſited, an infinite 
Right · line be imagined to be drawn, thro any point of the Circumfe- 
rence of any Circle deſcribed upon theSur face of the Globe, and the 
ſameRight-line be carricd about the Circumference of the givenCircle, 
till it return to the Place from whence it began to move; or which 
is the are thing, if from any point in the Circumference of any 
Circle deſcribed upon the Surface of the Globe, a Right-line be 
imagin:d to fall perpendicularly upon the given Plane, and that this 
Line be carried round the Circumference of the given Circle, con- 
ſtantly perpendicular to the Plane and parallel to its ſelf, ic will 
deſcribe upon the cutting Plane an Orthographic Repreſentation of 
that Circle; and after the ſame manner if Rays infinitely long be 
imagined to flow from the Eye to the Circumterence of every Cir- 
cle deſcribed upon the Globe, and theſe Rays be carried about rhe 
Circumference of each reſpective Circle till they return to the Place 
from whence they began to move, they will trace out upon the gi- 
ven Plane, what is called an Ort hographic Projection of the Sphere. 

This Paralleliſm and perpendicularity of the generating or de- 
ſcribing Ray, is the eſſential and primary Property of Ortbographic 
Projection, and altho according to the Euclidean Idea of paral- 
lel Lines, they can never be conceived to meet if infinitely produced, 
yet in order to range this part of Science under the Head of 
perſpelliwe, and to render it conformable ro the ſeveral ways of 
rep:eſenting the Circles of theSphere upon a Plane, it was abſolutely 
neceſſary to define it after this manner; and indeed if we conſider 
the infinite ſmall Inclination of the infinite ſmall Portions of the 
incident Rays, intercepted between the Surface of theSphzre and the 
Plane, in a Phyfical Senſe; and which is the Senſe in which they are 
to be underſtood in this Place, the Inclination it ſelf vaniſhes ; and 
the parallel and perpendicular Property really and aQually exiſts. 
Aaaa* From 
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From the general Definition thus explainad it follows, 

1. That the common Interſection of the Plane upon which the 
Projection is to be formed with the Surface of the Globe, will be 
the Circumference of a Circle, which for Diſtinction ſake is called 
the Periphery of the Plane of the Projection; and that the common 
InterſeCtion of the Plane with the Globe it felf will be a Circle 
which for DiſtinQion ſake is called the Flane of the Projection. 

For as eee be conſidered 
; as generated by the Rotation of a Semi. 
B O E S D circle about the Diameter, remaining 
fixed as an Axis, in whatſoever pan 
of it it be cut by a Plane as B NM 
the common Ir ter ſection ATPC9R 
of this Plane with the Superficics of 
the Globe repreſented in this Caſe by 
Pf AP AR muſt be tle Circumfe. 
rence of a Circle as muſt be the cor. 
mon Interſection AR of the cui. 
Q ung Plane with the Globe it ſelf be: 
Circle. 


2. That the Pole of that Circle up- 
on whoſe Plane the Sphere is to be 
M projefted, will fall in the Center of the 

lane of the Projection. 

For becauſe theArches AP and 2P are equal, the infinite Ray EPop 
which flows from the Eye at E thro P the Pole of the Circle 4/9 
which repreſents the Diameter of the Plane 4p of the Projection, 
muſt fall in the middle point p, by the 87h Cor. of the 2d Frop, of 
Part the z/, and conſequently in the Center of the Plane of the Pro 

ection: | yes 
2. That every Groat Circle that is perpendicular to the Plane of 
the PrejeQion, will be repreſented by a Righr-line paſſing thro the 
Center and Pole of the Projection, equal to its Diameter and t0 
the Diameter of the Sphere, # 

In the preceding Figure, let the lower Semicircle A % ER, be 
turned about upon its Axis A, till it ſtand at Right- angles to 
the Plane of the upper Semicirele A P 2p, and in this ſcituation 


let it repreſent the fame Plane of the Projection, then will . 
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repreſent its Diameter, and p the Center of the Projection, and let 
4 P Q repreſent the upper half of the Circle to be projected. 
Inaſmuch thereſore as the Eye is ſcituated in the Plane of the Se- 
micircle APQp infinitely extended, if the infinite Ray P p flowing 
from the Eye at E and extended till it cut the Plane AK Q, be 
imagined to be carried thro the Semi-periphery 4 P of the Cir- 
cle to be projected, it will deſcribe by its Paſſage over the Plane 
IRQ, the Right-lime Ap Q, equal in Length to the Diameter 


. ofthe Circle APD, and to rhe Diameter of the Sphere APO R, 


and which from the general Definition will be its true Repreſen- 
tative. 
That the Angle that any two great Circles which ſtand at 
Right-angles to the Plane of the Projection form with each other, 
will be equal to the Angle formed by their Repreſentatives upon 
the Plane of the Projection. 

For as the Angle formed by any two Circles, is the ſame with the 
Inclination of the Planes of thoſe two Circles; and as this is mea- 
ſured by the Arch of a Great Circle deſcribed at the diſtance of 90 
deg. oo min. or a Quadrant, from the angular Point, it follows 
from the preceding Corollary, that the Angle formed by the two 
Right-lines repreſenting the two Circles, muſt be equal to the An- 
gle formed by the Circles themſelves. _ 

5. That all Small Circles that are parallel to any of the pre- 
mentioned Great Circles, or which ſtand at Right-angles to the 
Plane of the Projection, will be repreſented by Right: lines in the 
Projection, whole Diameter will be equal in Length co the Diame- 
ter of the Circle they repreſent. a 

For if an infinitely extended Ray in the preceding Figure, be car- 
ried along the Periphery of the ſmall Circle 7 S C, lying in the ſame 
infinitely extended Plane with the Eye, it will trace out upon the 
cutting Plane APQ by its Motion, the Right- line FC fot its Re- 
preſentative, equal in Length to the Righr-line TC, the Diameter 
of the ſmall Circle to be projected 
And inaſmuch as the infinitely extended Ray moves conſtantly in 
the Plane of the ſmall Circle 7 S C, and conſequently keeps always 
at the diſtance of Ce or Tr, from the Repreſentative AQ , of the 
great Circle to which it is ſuppoſed to be parallel, it follows, 

6. That the diſtance of every ſuch ſmall Circle in the Projection 
from the great Circle to which it is parallel, will be equal to the 

7.43 2 | Sine 
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Sine of ſuch ſmall Circles diſtance from the great Circle upon the 

Sphere to which it is parallel; for Cc or T t the diſtance of the 
Repreſentative T C of the ſmall Circle T SC, from A © the Re- 
preſenrative of the great Circle to which it is parallel, is equal to 
the Right Sine of the Arch C Q or Te, the diltance of that ſmall 
Circle upon the Globe, from the great Circle AR ©, to which it 
is ſuppoſed to be parallel, and conſequently the Repreſentatives of 
theſe ſmall Circles interſe& the Periphery of the Plane of the Pro- 
jection in the ſame points as the ſmall Circles themſelves interſe& it 
npon the Globe it ſelf. 

7. That all ſmall Circles parallel to the Plane of the Projection, 
will become Circles in the Projection. 

For let the Semicircles 7 S C and A RQ be erected perpendi- 
cularly over the Plane of the Semicircle 45; now if the infinitely 
extended viſual Ray O T:, paſſing thro the Extremity T of the Di- 
ameter I C, of the ſmall Cirele T C, be ſuppoſed to move round 
the Periphery TSCP, of the ſame ſmall Circle always parallel to its 
ſelf, and perpendicular :o the Plane I SCPa, till it return to the Place 
from whence it begun to move, it will deſcribe by this Motion a cyl. 
lindrical Superficies ; and inaſmuch as the Planes T®C and AR are 
parallel the Extremity : of the viſual Ray O 1 z, will trace out upon 
the cutting Plane 7 R C the ſmall Circle : y c, equal to the ſmall 
Circle 7 & C it repreſents : And after the ſame manner, if infinite» 
ly extended viſual Rays be conceived to move round the Periphery 
of eyery other ſmall Circle deſcribed upon the Surface of the Sphere, 
parallel to the Periphery of the Plane of the Projection, they will 
trace out upon the cutting Plane, Circles parallel and equal to the 
ſmall Circles they repreſent, 

8. That all theſe ſmall Circles will have one common Center, 
vx. the Center and Pole of the Projection. | | 

For becauſe the Arches PC and P T are equal, whereſoever the 
points Tor C be taken, the infinitely extended Ray paſſing from the 
Eye at E thro the common Pole at P, perpendicular to the Plane 
AP, will become the Axis of the generated Cylinder, and conſe- 
quently the Portions pt and pc of the projected Diameter tc, will be 
always equal to each other, and conſequently the point p the Repre- 
ſentative of their common Pole, will become their common Center. 
9. That their Radij or Semidiameters will be ever equal to theSines 
of their reſpectives diſtance from the Pole, or the Co- ſines of their 
Elevations above the Plane of the Projection. For 


— 


of the Orthographic Projection of the Sphere 541 
For inaſmuch as the viſual Rays E P and S Ce will be always 
parallel or equi-diſtant from each other, pc equal to pe the Radius 
or Semidiameter of the projected ſmall Circle rc will be ever equal 
to ac, the Sine of the Arch P C, the diſtance of the ſmall Circle 
2 C from the Pole P, or the Co- ſine of C © its Elevation above 
the Plane of the Projection; and the ſame will happen whereſoevr 
the _ Cor T be _ . : 
10. That every great Circle that is inclined to the Plan 
projection, will be projected into an Ellipſis. 1 the 
For let A P © Sp repreſent the 
plane of the Projection, and PBCS 
any given great Circle that is in- 
clined to the Plane of the Projec- 
tion, at any given Angle C pc or 
BD, I ſay that if an infinitely ex- 
tendedRay as Cc, be carried along 
the Semi-Periphery PB CS of the 
reat Circle P B C $p, conſtantly 
parallel to it ſelf, and perpendicu- 
ar to the Plane of the Projection 
APQS, it will'trace out upon 
the Plane P QA the curve Line 
PbcS, which will be the Semi- 


periphery of an Ellipfis. ; 
For from the points B-and C in the Semicircle PBCS, let tall the 


Perpendiculars Bb and Cc, and from the points b and c where the 
in:erſe& the Plane of the Projection AP QS, draw the Lines 3 2 
and c p, perpendicular to the common Axis P S, and joyn the points 
D, B, and p, c, by the Right-lines DB and pc, and becauſe the 
Angles D 6 Band pc Care Right, and the Angles BD and Cpc 
are equal to each other, and to the Inclination of the given great 
Circle, the Triangles Cc. and D B 6 will be ſimilar, wherefore by 
Prop. the 18th of Section the 2d of Part the 1 it will be, 

As DB: Db: :pC: pc; and conſequently by Cor. the 1370 
of Prop: the 15th, of the ſame Section, DB: pC :: Db: pe; 
wherefore by Cor. the 20th of Prop. the 1 9th of the fame St. D 
'PCq::Dbq:pcq, but from the Nature of the Circle D Bq : [ 
p Cq :: PDxDS:PpXpS, wherefore Dbq: p Cq: : P DxD S: 4 
p, and conſequently the curve Line paſſing thro the points P, I, | 
5 will be a Scmi-Ellipfis. | Ry j 
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And that this is the chiet and primary Property of the Apolonia 


or Conic Ellipſis, may be thus demonſtrated. 
In the adjacent Figure, let 4 B 


repreſent the Section of a Cone cut by 
a Plane thro the Vertex, and Pb cx 
Section of the ſame Cone cut with 3 
Plane, ſo as to cut the Sides 4 C and 
AB, in the points P and S, on the (ame 
ſide of the Vertex A, and thro' the 
points D and Bin the Line PF the 
common Interſection of theſe twoPlanes, 
let the Cone be cut with two otherPlanes 
EDF and IBN parallel to the Baſe, then 
will the Triangles PDF and PBN be 
ſimilar, and conſequently by Prop the 
18:h of Sect the 187 of Part the 1}, 
it will be, 

As PD: PB: : DF: BN, and becauſe the Triangles SDE and SI 
are ſimilar it will be, as SD: SB: : DE: p 1; wheretore, as PD 
DS: PBxSB : : DExDE : BNxBI; and becauſe the Sections thro 
the Planes ED N and I are Circles from the Nature of the 
Cone, EDxDF=D q, and IBxBN=B cq, wherefore Þ DDS: 
PBxBS: : Dq: BCq, which was to be demonſtrated. 

11. That the T ranſverſe Axis or longeſt Diameter of the Elliplis | 
is equal to the Diameter of the great Circle it repreſents, and con- 
ſequently equal ro the Diameter of the Sphere it ſelf. 

For as all great Circles interſe& each other at the diſtance of a 
Semicircle, the Line that joyns the two Interſections together, and 
which is the common Interſection of the Planes of the two Cir- 
cles, will be ever equal to the Diameter of the Circles themſelves; 
thus in the laſt Figure but one, the Line PS which connects the In- 
terſections P and S of the great Circle 4 P Q S, upon which the 
Sphere is to be projected, and the inclined great Circle P CS to 
be projected, and which in this Caſe becomes the Axis of the Ellip- 
ſis P h S its Repreſentative upon the Plane of the Projection is the 
N and conſequently equal to PS the Diameter of the Sphere 
it ſelf. | 

12. That the conjugate or ſhorteſt Diameter of every Ellipſis re- 


preſenting any greatCircle, is equal to twice the Co · ſine of irsInclina- 
| tion 
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tion to thePlane of the Projection, or to the double Sine ot its diſtance 
from the Pole of the Projection, meaſured in the Arch of the great 
Circle that paſſes thro the Pole, and cuts the given Circle at Right- 
neles. | 
|; For in the Figure belonging to Cor. the 16h it is manifeſt, that fo 
the Semi- conjugate Diameter of the Ellipſis PA bS, repreſenting the 

at Circle PBCS, is equal to the Sine of the Angle pC c, the dit- 
tance of the great Circle PB C from the Pole p, meaſured in the 
Arch of a great Circle, or the Complement of the Angle C p c, the 
Inclination ot the Planes of the Circle PB CS to be projected, to 
the Plane of the Circle p & A upon which it is to be projected. 

t3- That every ſmall Circle that is inclined to the Plane ot the 
projection, will be projected into, or be repreſented by an Ellipſis. 

This is a manifeſt Conſequence of the 10th Cor. and needs no o- 
ther Demonſtration. 

14. That the tranverſe Axis or longeſt Diameter of every Eltipſis 
repreſenting any ſmall Circle, will be equal to twice the Sine ot that 
{mall Circles diſtance from its neareſt Pole. 

For in the adjacent Figure, let 
APQS repreſent the Plane of the 
projection, A TR C a great Circle 
inclined to it, Ar Q its Repreſenta- 
tive upon the Plane of the Projection, 
and T C the Diameter of a ſmall Cir- 
ck to be projected. 


Inaſmuch therefore as the perpen- 
dicular Rays T and Cc are paral - 
lel and equal, the Right-line 7 C, the | 
Repreſentative of that Diamcter upon 
the Plane of the Project ion equal to S 
twice rc is equal to TC, equal to 
twice p C the Sine of the Arch R C, the diſtance of the ſmall Circle 
TC from its neareſt Pole R. 

15. That this Diameter will always ſtand at Right-angles to the 
Repreſentative of that great Circle that paſſes thro the Pole of the 
ſmall Circle, and the Pole of the Periphery of the Projection. 

For inaſmuch as the Diameter TC of the ſmall Circle to be pro- 


jected, ſands at Right-angles to jthe Plane of the Circle Sp 67 
which 
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which paſſes thro the Poles of the Circle to be projected, and the 
Periphery of the Plane of the Projection, and that the infinite Rayy 
Tt and Cc are parallel and equal, it is manifeſt, that : C the Re. 
preſentative of the Diameter 7 C of the ſmall Circle to be projec. 
red, will ſtand at Right angles to the Line Sp P, the Repreſenta- 
tive of the great Circle Spr R, connecting the two reſpectiye 
Poles 
And inaſmuch as the conjugate Axis or ſhorteſt Diameter, wil 
ever form Right-angles with the tranſverſe Axis or longeſt Dia- 
meter, it follows ; | 
16. That the conjugate or ſhorteſt Diameter of every Ellipſis re- 
preſenting any ſmall Circle inclined to the Plane of the Projection, 
will be coincident to, or be projected in that Right- line that is the 
Repreſentative of the great Circle that paſſes thro the Poles of the 
Periphery ot the Plane of the Projection, and of the Circle to be 
jected. | | 
"T hat the conjugate-or ſhorteſt Diameter of the Ellipſis repreſent- 
ing any ſmall Circle, is equal to the Sum or Difference of the Sines 
of the greateſt and leaſt Diſtance of that ſmall Circle from the Pole 
of the Projection, or to the Sum or Difference of the Co- ſines of the 
Elevations of the reſpective points above the Plane of the Projection. 
For in the adjacent Figure, if q - 
repreſent the Pole of the ſmall 
Circle 7 C to be projected, and 
the Pole of the Circle 4 2, upon 
which the ſmall Circle is to be pro- 
jected, it is maniteſt (in this Caſe 
where the Pole of the Periphery of the 
P ane of the Projection lyes within the 
ſmall Circle) that 1c the projected 
con jugated Diameter, is equal to the 
Sum of t p and pc, equal to the Sum 
of Tr and C's, the Sines of T P and 
P C, the greateſt and leaſt diſtances of 
the ſmall Circle T C, from the Pole of 
the Projection P, or to the Co fine of the Arches A T and Q C, the 
Elevations of the points 1 and C, above the Plane of the Projection 
42. * b - 


If 


| 
| 
| 


But if the Pole P, lye without the 
{mall Circle, or which is the ſame 
thing, if the {mall Circle lye intirely on 
the ſame fide of the Pole of the Projec- 
tion, as in the adjacent Figuge ; it is 
manifeſt, that ec the conjugate Dia- 
meter, is equal to the Differeace be- 
tween CS the Sines of the greateſt 
diſtance PC and Ty the Sine of the 
jeaſt diſtance T P, of the ſmall Circle 
'7C to be projected; or to the Diffe- 
rence of the Co- ſines of QC and Q 7, 
the Elevations of the reſpective Extre- 
mities of the ſmall Circle to be pro- a 
jected, Where tore 

18. If the Sines of the greateſt and leaſt diſtance of the two Ex- 
tremities of any ſmall Circl2 from the Pole of the Projection, be ſet 
off either on the ſame or contrary ſides of the Center or Pole of the 
Projection, in that projected great Circle which paſſes thro the Poles 
of che ſmall Circle to be tprojeced,, and the Pole of the Periphery 
of the Plane of the Projection, we ſhall have the two Extremities of 
the conjugate Diameter of the ſmall Circle to be projected ; and if 
thro the middle of this Line, and at Right-angles to it a Right-line 
be drawn equal to the double Sine of the diſtance of the ſmall Circle 
trom its Pole, we ſhall have the two Extremities of the tranſverſe 
Diameter, thro which four points if an Ellipſis be deſcribed, it will 
be the Repreſentative of the ſmall Circle to be projected. 

And inaſmuch as theSemi-conjugateDiameter ofevery great Circleis 
equal to the Co- ſine of its Elevation above the Plane of the Projection 1 
or to the Sine of its neareſt approach to the Pole of the Projection 
it ſelt, if the Right Sine of its neareſt approach, or the Co- ſine of 
its Elevation above the Plane of the Projection, be ſet off from the 
Center or Pole of the Projection p, ſee the Fig in Page 54, on ei- 
ther Side to c and r, we ſhall have the two Extremities of the conju- 
gate Diameter, thro which, and the points P and S, the two Extre- 
mities of the tranſverſe Axis PS, 1t an Ellipſis be deſcribed, it will be 
the Reprelentative of the given great Circle in this Projection; and 
hence we are taught how to draw the Repreſentative of any great or 
ſmall Circle, upon any given Plane : And that this may the-more 
evidently appear, I ſhall ſhew how in 
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548 Of the Orthographie Projection of the Sphere 
Example 1. 


To draw the Hour-circles, or Circles of Right Aſcenſion, Parallel; 
of Declination, Tropics, Ecliptic, &c. Orthographicaliy upon the Plane 
of the So/utial Colure, it being in this Cafe tuppoled tolye in the 
ſame Plane with the Meridian; and to adapt it to the Latitude of 
51 deg. 32 min. North. 

Let ZONH (in Plate the 45 repreſent the Sitia! Colure, upon 
whoſe Plane the Sphere is to be projected, then will Z @ NH be 
the Circumferenee of a Circle, by the fit Cor, of the General Defi- 
tion, and its Center and the Pole of the Projection, by the {ccond 
Corollary of the ſame 

And becauſe the Eye is ſuppoſed to be placed at an infinite diſtance 
from the Globe, in that Line that paſſes from the Center thro the 
vernal Equinox, the common Interſection of the Equator, Ecliptic, 
Equinoctial Colure, and in this Caſe the Horizon; and inaſmuch as 
theſe Circles are all perpendicular to the Plare of the Projection, 
they will all be repreſented by Right-lines, by Cor the 3d, interſca- 
ing each other in the Center or Pole of the Projection. Wherc'ore, 
Having drawn the Diameter H O to repreſent the Horizon, 
and at Right-angles to it the Diameter Z Y N, to repreſent the 
Prime Vertical or Circle of Eaſt and Weſt, ſet off the Chord of 5: 
deg. 30 min. the height of the Pole at London, or Latitude of the 
Place in the Periphery, from O to P, and draw che Diameter Ps, 
this ſhall repreſent the Axis or Six a Clock Hour Circle, or in the 
preſent Caſe the Equinoctial Colure, the two Extremities of which 
will repreſent the two Poles, the point P the uppermolt or Northern 
Pole, and the point & the lowermoſt or Southern Pole; and if the 
Chord of 38 deg. 30 min. the Complement of the Latitude, be ſet 
off from O to Q downwards, or from H to A, and the Diameter 4 
be drawn, or which is the ſame thing, if the Diameter 4 Q be 
drawn at Right-angles to the Axis PS it will repreſent the Equator 
in this Projection. 

The Ecliptic is a great Circle cutting the Equinoctial in the op- 
polite points of Aries and Libra, and forming an Angle with it of 23 
deg. 29 min. equal to the Sun's greateſt Declination ; wherefore it 
the Chord of 23 deg. 29 min. be ſet off in the Solftitial Colure from 
A to S, or from © to V. and the Diameter S , be drawn, this 
will repreſent the Ecliptic in this Projection, and where it interſects 
the Axis as in Vor =, it gives the Places of the vernal and autum- 


nal Equinoxes in this Projection. In- 


Of the Orthographic Projection of the Sphere 549 


Inaſmuch as the Parallels of Declination, Tropics, Artic and 
Antartic Circles are ſmall, Circles, ſtanding at Right-angles to the 
Periphery of the Plane of the Projection, they will all be repreſented 
by Right-lines, equal in Length to the Diameters of the ſmall Cir- 
cles themſelves, by the-5th preceding Cor. and at the Sines of their 
reſpective diſtances from the great Circle to which they are parallel; 
or which is the ſame thing, their Repreſentatives will interſect the 
Solſtitial Colure, in the ſame points in which che Circles themſelves 
interſect it upon the Sphere, by the 6th Cor. wherefore if the Chord 
ot 23 deg. 29 min. the greateſt Declination of the Sun, be ſet off 
in the Solſtitial Colare from A to & and x, and from Q to C and 
Y, and the Right-lines S C and x V be drawn, or which is the ſame 
thing, if at the diſtance of the Sine of 23 deg. 29 min to the 
Radius A Y or Y ©, the Right-lines S Cand M x, be drawn paral- 
lel to A Q the Equator, they will be the Repreſentatives of the two 
Tropics in this Projection, the Northermoſt or S C the Tropic of 
Cancer the Southermoſt or x V the Tropic of Capricorn; and if 
the Chords of 23 deg. 29 min. the diſtance of the Polar Circle trom 
the Pole, be ſet off in the Solſtitial Colure from P to à and t, ard 
from S to a and t, and the Chord Lines art and aut be drawn; or 
which is the ſame thing, it ar the diftance of the Sines of 66 


deg. 31 min. the diſtance of the Polar Circles from the Pole, to the 


Radius Y, the Lines art and aut be drawn parallel to the Equa- 
tor A YO, they will be the Repreſentatives of the Polar Circles in 
this Projection the Northermoſt ; or art the Repreſentative ot the 
Artic Circle, the Southermoſt or a ut the Antartic Circle: In like 
manner, if the Chords of to, 20, 30, degrees, Cc. be ſet off in 
the Solſtitial Colure from A to 10, to 20, to 30, &c. and from © to 10, 
to 20, to 3o, Cc and the Chord Lines 10, 10, 20, 20, 30, 39, Cc. bo 
drawn; or if at the diſtance of the S. of 10, 20, 30, deg. Cc. Lines as 
10 10, 20 20, 30 30, cube drawn parallel to the Equator, they will 
be the Repreſentatives of the Parallels of 10, 20, 30, deg Cc. of 
Declination in this Projection; and after the ſame manner may the 
Parallels of Latitude or Parallels to the Ecliptic s y vs be drawn 
The Hour Circles, or Circles of Right Aſcenſion, which are great 
Circles interſecting each other in the Poles of the World, and cutting 
the Equator at Right-angles, are inclined to the Plane of the Pro- 
jection, at Angles of 15, 30, 45 deg. Cc. and conſequently will be 
repreſented in the Projection by Ellipſis's, by Cor the 10th, having 
their tranſverſe Axis equal to each other, and to the Diameter of the 
B b b b 2 * Sphere 
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Sphere, by the 1150 Cor. and their conjugate or ſhorteſt Diame- 
ters equal to the double Co- ſine of their reſpective Inclinations to 
the Plane of the Projection, or to the double Sine of their reſpective 
diſtances from the Pole of the Projection, meaſured in the Arch 6f 
the great Circle that paſſes thro the Pole, and cuts the given Circle 
at Right angles; wherefore if the Sines of 15, 30, 45, deg. Oc. to 
the Radius of the Projection Y Q be laid off in the Equator 4 0, 
from Y to 7 and 5, to 8 and 4, to 9 and 3, Cc. we ſhall have the 
conjugate Diameter, Cc. 7.5, 8.4, 9.3, &c. of the Ellipſes repreſenting 
the ſeveral Hour Circles in this Projection, whole common tranſperſe 
Axis is the Axis of the Sphere, or Six a Clock Hour Circle 
PVS; wherefore if about the common tranſverſe Axis Þ y $ 
and the ſeveral conjugate Diameters 7.5, 8 4, 9.3, Cc. the {everal El- 
lipſis P5S7P, P8S4 P, PgS3 P, Cc. be drawn, we ſhall have 
the ſeveral Repreſentatives of the ſeveral Hour Circles in this 
Projection: And among the various Methods made Uſe of by the 
Conic Writers, for the Conſtruction of an Ellipſis that ſha!} paſs thro 
the extream points of any twoDiameters, none is more eaſy and ſcenis 
better adapted to our preſent Buſineſs, than that Method that is 
performed by the help of the Line of Sines.* 

It has been demo ſtrated in Page the 54 f, that the ſeveral O- 
dinates cb, fe, 2 u, Cc. in any Ellipſis, as ſuppoſe 5 P 7 S, are in 
the ſame Proport.on to each other, as are their correſpondent Ordi- 
nates 10h, 20 e, 3o.w, Cc. in the circumſcribed Circle HOS; 
but the Ordinates 10.5, 20.e, 50.w, Cc. in the Circle APO S, are 
as the Sines of their reſpective diſtances from their common Pole P, 
or as the Co ſines of their reſpective diſtances from the Diameter 
of the Circle 4 © to which they are parallel, to the Radius or 
Semidiameter 4 = of the circumſcribing Circle APQS; wherefore 
theſe ſeveral Ordinates bc, fe, x u, &c in the Ellipſis 5 P57, will 
be directly as the Sines of their reſpective diſtances from the common 
Pole P, or as the Co-ſines of their diſtance from the conjugate Dia- 
meter 7 Y 5 to which they are all parallel, to the Radius 7, the 
Semi-conjugate Diameter: And inaſmuch as the ſame Law obtains 
in every other Ellipſis that can be drawn about the common Axis 
PS; hence we are taught a very ready and expeditious Way of de- 
ſcribing the Hour Circles in this Projection. 

For having made / the Semi-conjugate Diameter of the Ellipfis 
7 5 5, equal to the Sine of go deg. oo min. upon the Seclor, it 
the Sines ot the reſpective Arches P 10. P 20, P zo, Cc. be taken 
off from the ſame Sector, thus extended and laid upon the "oy 

| 12 


Of th: Orthographic Projection of the Sphere 571 


Ordinates 10 ö, 20 e, 30 u, and from the points 3, e, u, Cc. to 
c, f, and i, we ſhall have ſo many points thro which the Periphery 
of the Ellipſis mult paſs ; thus if the Arches P 10, P 20, P 30, Oc. 
be ſuppoſed to be Arches of 80, 70, 60, Cc. degrees, if the Sines, 
of 80, 70, 60, degrees, Cc to the Radius 7 , be ſet off 
in the reſpective Ordinates 106, 20e, zo u, &c. from the 
points J, e, w, &c where thoſe Ordinates interſe& the tranſverſe 
Axis of the Elliptis, to the points e, , i, &c. they will give ſo ma- 
ny points in the Periphery of the Ellipſis to be deſcribed ; and after 
the lame manner may an infinite number of other points be found, 
thro which if a Curve Line be drawn, it will;give the Repreſent a- 
tire of the reſpective Hour Circle in this Projection: Theſe things 
being premiſed, ; | 

Let it be required to draw the firſt Hour Circle from the Six a 
Clock Hour Circle, that is the Hour Circle of Seven in the Morn - 
ing and Five in the Evening, or of Five in the Morning and Seven 
in the Evening, for the ſame Hour Circle in the Projection repreſents 
theſe tour ſeveral Circles upon the Globe; inaſmuch therefore as this 
Circle is 5 Hours diſtant from the 12 a Clock Hour Circle, and 
conſequently its Plane is incline! ro the Plane of the Meridian, or 
to the Plane in this Caſe o the Projection, at an Angle of 75 degrees, 
if the Sine of 15 degrees its Complement to the Radius of the Pro- 
j:on A V, be laid off in the Equator from 77 to 5 and 7, we ſhall 
have the rwo Extremities 5 and 7 of the conjugate Diameter, and it 
th:Semi-conjugate Diameter 7, be made equal to the Sine of 90 d. 
00 min. upon the Sector, and the Sines of 80, 70, 60. 50, and 40 
degrees, at the ſame opening of the Sector, be ſet off in the Lines 
1 0 10, 20 6 20, 30 f30, 401 40, 50050, Cc. drawn thro 
the Extremities of the ſeveral Arches A 10, 10 20, 20.30, 30.40, 
40. 50, Cc. in the Periphery of the Plane of the Projection of 10 de- 
grees each, from their common Inte rlection , e, h, I, o, with the 
tranſverſe Axis ot the Ellipſis on each fide, to the points e and d, f 
and g, i and , m and n, &c. and thro thoſe ſeveral points and the 
Pol es P and 5, a Curve Line be drawn, it will be the Repreſentative 
of the Five a Clock, Cc. Hour Circle in this Projection; and after the 
ſame manner may every other Hour Circle as 87 45, 923 F, 
10 P25. &c. or any Circle of Right Aſcenſion be drawn. 

Circles of Cæleſtial Longicude, inaſmuch as they interſect each o- 
ther in the Poles of the Ecliptic't and a, and cut the Ecliptic , 


which is here repreſented by a Right-line, at Right-angles, are of 
| LOI = 


— 552 Of the Orthographic Projection of the Sphere 


conſeq 1ence inclined to the Plane of the Projection, and are tre. Ml by 
fore repreiented by Ellipſis's, whoſe common tranſverſe Axis is the Ml ce: 
Axis of the Ecliptic : Y a, and whoſe conjugate Diameters are equal Wl tin 
to the Co fines of their reſpective Inclinations to the Plane of the the 
Solſlitial Colure, and conſequently are projected after the ſame man- Pr 
ner as the Hour Circles are in the ſame Projection; thus tor Exan- Li 
ple, if it were required to draw the Circle of Longitude paſſing thro the 

che firſt points of Gemini and Sagittarius, or of Leo ard Aquarins, 

for each of theſe ate repreſented by the ſame Circle of Loygi- 

tude in this Projection, inaſmuch as this Circle is inclined to the 

Plane of the Solſtitial Colure at an Angle of 30 degrees, if the Sine 

of so degrees to the Radius of the Projection, be ſet off in the E- 

cliptic from Y or =, for both are repreſented here by the ſame point 

to I or d, and to x; and 2, we ſhall have the two Extremitics of 

the conjugate Diameter, thro which two points and the Poles t and 

a of the Ecliptic, or the Extremities of the common tranſverſe Axis 

PVS, an Ellipſis be drawn after the manner caught in the former 
Example, it will be the Repreſentative of the Circle of Longitude 

in this Projection; and becauſe the ſeveral Parallels of Cœleſtial La- 

titude are all parallel to the Ecliptic, and conſequently perpendicu- 

lar to the Plane of the Projection, they will all be repreſented by 

Right- lines in this Projection, and may be drawn if required, after 

1 the ſame manner as che Parallels of Decli nation are in the ſame Pro- 

jection, | 2 

And becauſe the Vertical or Azimuth Circles, interſect each other 

in the points Z and N, repreſenting'the Zenith and Nadir, and cut the 
Horizon H Y O at Right - angles, and which is here repreſented by 
a Right · line, are of conſequence inclined to the Plane of the Meridian 
APQS, and are alſo conſequently repreſented here by Ellipſis's 
whoſe common tranverſe Axis will be the Right-line Z Y N, the 
Repreſentative of the Prime Vertical, or Circle of Eaſt and Weſt, 
and tlie ir ſeveral conjugate Diameters, the Right-ſines of the Com- 
plement of their ſeveral Inglinations to the Planes ot the Meridian, 
or to the Sines of the ſeveral Angles that their reſpective Planes form 
with the Prime Vertical Z V N, and may therefore be projected 
after the ſame manner as the Hour Circles and Circles of Longitude 
are in the {ame Projection, and inaſmuch as the ſeveral Almican- 
thers or Parallels of Altitude are all paralle] to the Horizon, and 
cut the Prime Vertical at Right-anglee, and conſequently are per— 
pendicular to the Plane of the Projection, they will all be repreſented 


g by 


07 the Orthographic Projection of the $ here 5 T% 


by Right-lines, and are projected after the ſame manner as the Cir | 
cles of Declination, or Parallels of Cœleſtial Latitude are, by ſet- 
ting off the Sines of their reſpective Heights above the Horizon, or 
the Co- lines of their reſpective di ances from the Zenith, in the 
prime Ver ical form to , and drawing thro thoſe reſpective points, 
Lines parallel to the Horizon, till they interſect the Periphery of 
the Plane ot the Projection. 

Having thus {hewa bow «1 the Principal, great and ſmall Circles 
of the Sphere, may be drawn upon this Plane, I ſhall as 2a farther 
Iift:-nce of ther univerfality of the General Rules laid down in 
the former Part of this Sechioꝝ, ſhew how 21! the ſame Circles may 
he drawn upon the Plane of the Horizon: Let it therefore be 18- 
quired in 

Exumple 2. 


To draw the Hour Circles or Circles of Right Aſcenſion, Para! s 
leis of Declination, Trop:cs, Ecliptic. &c, Ort hagraphically upon 
the Plane of the Herizon, for the Latitude of 51 deg. 32 min. 
North, ; : E | 

In Plate the 5th, Let ZY H MN repreſent the Horizon, upon 
white Plane the Sphere is to be projeRed,, then will its Periphery 
Z I N be the Circumference ot a Circle, by the farlt Cor. and 
2 its Center the Pole of the Piojection. 

And becauſe the Eye is ſuppoſed to be placed at an infinite di- 
fance in that Right- line that paſſes thro the Zenith and Nadir and 
the Center of the Sphere, the Vertical or Azimuth Circles inaſmuc! 
as they interſect each other in the Zenith and Nadir, which in this 
Caſe is reprefented by the poinr Z, and cut the Horizon at Right- 
angles, will all be repreſenred by Right-lines by Cor. the 2d, in- 
terletting each other in the point Z, the Center and Pole of the 
Project on. and forming Angles with each other equal to thoſe that 
they repreſent upon the Sphere ir ſelf, Wherefore, 

Having drawn the Diameter Y Z. =, to repreſent: the Prime Vet- 
tica!, or Circle of Eaſt and Weſt, at Right angles to it draw the 
Dia neter HZ N, this will rep:eſent the Meridian, or Circle of 
North and South Azimuth, and if the ſeveral Angles that the ſeveral 
Azimuth Circles form with the Meridian, be laid off in the Peri- 
phery of the Plane of the Projection, from 17 rowards =, or from 
N towards Y, and thro thoſe points and the Center Z, Right - lines 


be drawn, they will be the Repreſentatives of ſo many Azimurhs 
ox 
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or Vertical Circles in this Projection; thus if it were required tg 
draw a Vertical or Azimuth Circle, that ſhall form an Angle of 
30 degrecs with the Meridian, ſet off 30 degrees in the Periphery 
of the Plane of the Projection from H to b, or from N to d, and 
draw the Diameter þ 2 d, this will repreſent the Azimuth or Ver- | 
tical Circle to be drawn, and by proceeding after the fame manner, 
may any other Azimuth or Vertical Circle be drawn» but theſe are | 
omitted to avoid Confuſion. 

The Arch of the Meridian intercepted between the Zenith of a. 
ny Place and the Pole, is equal :o the Complement of the La itude 
of that Place; wherefore it the Sine of 28 deg 20 min, the Com. 
plement of tie given Latitude be ſer off in the Meridian trom Z 0 
P, it will give the Repreſentative et the North Pole in this Fiojec- 
tion. . 

As the EquincQial is a great Circle deſcribed about the Pole at 1 
quadrantal d {tance from ir, cutting the Horizon orPeriptery of the 
Plane of the Projection in the oppoſite points of Aries and Libra, and 
conſequently is inclined to the Flane ot the Horizon, at ananele of 
28 deg. 20 min. equal to the Complement of the Latitude of ie 
Place, it will therefore be projected into an Ellipſis, by tha 10th 

peceding Corolſary. Where oe 

If the Right S n: of 51 deg. 30 min. ot the diſtance of the Equ:- 
tor from the Zcnith, meaſured in the Arch of the Meridian, or the 
Complement of the Inclinarion. be laid off in the Meridian trom Z 
to A thecontrary way with the Pole point p, it will give one Extre- 

-mity A of the Semi- conjugate Diameter Z A of the Ellipſis, about 
which and the tranſverſe Axis Y £ =, if the Semi-Ellipſis Y A= 
* be drawn according to the manner taught in Page the 55ſt, we ſhall 
have the Re preſentative of the upper half of theEquaior to be dia ua 


And again, as the Six a Clock hour Circle is a great Circle of the 
Sphere, that cuts the Meridian at Right- angles paſſing thro the Pole 
P, and conſequently inclined to the Plane of the Projection, at an 
Angle of 51 deg. 30 min it will therefore be projeQed into an 
Ellipfis in this Projection, it the Sine of 38 deg. 30 min. the Com- 
plement of its Iaclination, be ſer off in the Meridian from 2 to þ 
it will give one Extremity p, of the Semi · conjug te Diameter Z / 

of the Elliphs repreſenting this Circle, whoſe tranſverſe Axis will 
be the Diameter Y Z =, that paſſes thro the Center Z, and cuts the 
Meridian at Right-angles, about which Diameter, if the 3 

| ipſis 


| 
upon this Plane. 


| 
| 
| 
| 
| 
| 
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lipſis Y P = be drawn, after the Method taught in the 55 1/2 Page, 
we ſhall have the Repreſentative of the upper half of the Six a Clock 
Hour Circle in this Projection. 

And becauſe the reſt of the Hour Circles interſect each other in the 
Pole point, and cut the Equator at Right-angles, dividing it into 
equal Parts or Portions of 15 Degrees each, if about the common 
Semi-conj.igate Diameter Z P, and the ſeveral Semi-tranſverſe Dia- 
meters Z 1, Z 2, Z 3, £4, Cc. the ſeveral Semi-Ellipfis's 1 P 1, 
22, 3 P3, 44, &c. be drawn after the manner taught in the 
former Example we ſhall have the Repreſentatives of the ſeveral Hour 
Circles to be drawn upon this Plane, as is abundantly maniteſt from 
what has been ſaid. 

- The Ecliptic is a great Circle of the Sphere inclined to the Plane 
of the Equator, at an Angle of 23 deg. 29 min. and conſequently 
if the Southern half be Elevated above the Plane, muſt form an An- 
gle of 14 deg. 59 min. with the Plane of the Horizon, equal to the 
Difference between the two Inclinations 38 deg. 28 min. and 23 
deg. 29 min but an Angle of 61 deg. 57 min. equal to the Sum of 
the two Inclinations 38 deg. 28 min and 23 deg. 29 min. if the Nor- 
thern half of the Ecliptic be elevated above the Plane of the Eclip- 
tic, and conſequently in either Caſe will be repreſented by a Semi- 
Elliplis, whoſe common tranſverſe Diameter will be the Diameter 
Y Z =, that connects the Interſection of the two Circles together; 
wherefore if the Sines of 75 deg- or min and 28 deg. 03 min. the 
Complements of the Inclinacions of the two Semi-Ellipſis's, be ſer 


off in the Meridian HZ N, from EZ the Center, to ? and S, we 


all have the Semi-conjugate Diameters $SZY and Z S of the two 
Semi- Ellipſis's to be drawn, about which and the common tranſ- 


\yerſeAxis Z =, if the Ellipſis's Y and Y S = be drawn, we 


ſhall have the Repreſentative of either half of the Ecliptic upon this 
Projection. 

Circles of Celeflial Longitude, which interſe& each other in the 
Poles of the Ecliptic,and cut the Ecliptic at Right-angles, dividing it 
into equal Parts or Portions, are projected after the {ame manner as 
the Hour Circles or Circles of Right Aſcenſion are; which interſect 
each other in the Poles of theWorld, and cut the-Equator atR ight- 
angles, but theſe are omitted in this Projection, to avoid Confuſion, 
and may be eaſily ſupplied if there be Occaſion. 

Almicanthers, or Parallels of Altitude, inaſmuch as they are parallel 


do the Horizon, or in this Caſe to the Periphery of the Plane of the 
Cee J Pro- 


- 
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Projection, will by the 7th Cor. become Circles in the Projection 
will have the Center Z, or Pole of the Projection for their common 
Center, by the 8th Cor. and their reſpective Radij will be equal to 
the Sines of their reſpe&ive diſtances, from the Zenith or Pole of the 
Projection Z, or to the Co- ſines of their Elevations above the Plane 
of the Projection; wheretore if about the Center or the Pole of the 
Projection Z, or the Repreſentative of the Zenith, a Circle be de- 
ſcribed whoſe Radius is equal to the Sine of the diſtance of that Cir. 
cle from the Zenith, or to the Co- ſine of its Elevation above the Plane 
of the Horizon, you will have the Repreſentative of that Paralle 
of Altitu e upon this Projection: Thus, if it were required to dra 
a Parallel of 40 degrees ot Altitude in this Projection, becauſe this 
Circle is diſtant from the Zenith 50 degrees, the Complement ot 
40 degrees, if about the Center Z, at the diſtance of the Sine of 50 
deg. a ſmall Circle as 40.40, 40.40, be drawn, it will be the Re- 
preſentative of the Parallel of 40 degrees of Altitude upon this Plane; 
and the ſame Method muſt be obſerved in drawing of any other Pa- 
rallel of Altitude whatſoever. | 

The Tropics, Polar Circles, and Parallels of Declization, inaſmuch 
as they are parallel to the Equator, will Le inclined to the Plane of 
the Projection, and will therefore be projected into Ellipſis's, by the 
13th Cor having their conjugate Diameters coincident to the Meri- 
dian HZ N, by the 16th Cor. their conjugate or ſhorteſt Diameters 
equal to the Sum or Difference of their greateſt and leaſt diſtances 
from the Pole of the Projection, in this Caſe the Zenith Z, by the 
17th Cor. and their tranſverſe Axis's or longeſt Diameters, equal to the 
double Co- ſine of the diſtance of the reſpect ve ſmall Circles diſtance 
from its Pole Z, by the 14thCor- ſo that if it were required to project 
the Artic Circle in this Projection, inaſmuch as it is diſtant from the 
North Pole by the Space of 23 deg. 29 min. : Jeſs than the diſtance 
between the Pole and the Zenith, equal in our preſent Caſe to 38 
deg 28 min, it will fall intirely on the ſame fide of the Zenith; 
wherefore if the Sine of 61 deg. 57 min. the Sine of 38 deg. 28 min. 
the diſtance of the Pole from the Zenith and 23 deg+- 29 min. tne 
diſtance of the Artic Circle from the Pole, be ſet off in the Meridian 
from Z to a, we ſhall have one Extremity of the conjugate Diame- 
ter, and if the Sine of 14 deg. 59 min. the Difference between 38 
deg- 28 min. the diſtance between the two Poles, and 23 deg. 29 
min the ſmall Circles diſtance, be laid off on the ſame fide of the 


Zenith from E to 6, we ſhall have the other Extremity of the con. 
8 juga 
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jagate Diameter az; wherefore if this vbe biſected by the Right 
line ve, Equal in Length to the double Right tine of 23 deg. 29min- 
the diſtance of the Artic Circle from the Pole, to the Radius of the. 
Projection r 4 or ZH. we ſhall have the two extream points of the 
tranſverſe Diameter, thro which and the two Extremiries a and t, 
of the conjugate Diameter, if an Ellipſis be drawn, we ſhall have 
the Repreſentative of the Artic Circle in this Projection. 

Again, if the Tropic of Cancer were to be projected, becauſe the 
diſtance of the Tropic of Cancer from the North or uppermoſt 
Pole 66 deg. 31 min. is greater than 38 deg. 28 min. the diſtance 
of the two Poles of the Horizon and Equator, this Circle will fall 
on contrary ſides of the Zenith Z; wherctore if the Sine of 
104 deg. 59 min the Sum of 66 deg. 31 min. and 38 deg. 29 
min. be ſet off from Z towards H, it will give one Extremity ot the 
conjugate Diameter, and if the Sine of 28 deg- 03 min. the Difte: 
rence between 66 deg- 31 min and 38 deg- 29 min be ſet off from 
Z the contrary way ro S, it will give the other Extremity S of the 
conjugate Diameter, ard if this conjugate Diameter be biſſected by 
a Line at Right-angles, equal to the double Sine of 66 deg. 3 1 min- 
the diſtance of the Tropic from its Pole, we ſhall have the two Ex- 
tremities of the tranſverſe Diameter, thro which and the two Ex- 
tremities of the conjugate Diameter before determined, if the Peri- 
phery of an Ellipſis be drawn, it will be the Repreſentative of the 
Tropic of Cancer in this Projection, b 

After the ſame manner were the Tropic of Capricon, and the ſe- 
yeral Parallels of Declination in the Figure drawn. 

Parallels of Cœleſtial Latitude or Parallels to the Ecliptic, inaſmuch 
as they are inclined to the Plane of the Projection, wi l be repreſented 
by Ellipſis's in this Projection, and are drawn after the ſame manner 
a5 the Parallels of Declination are in the former Caſe, regard being 
had to the Poſition of their Pole, and their reſpective diſtances from 
it; but theſe as well as the Circles of Longirude themſelves are pur- 
poſely omitted to avoid Confuſion ; eſpecially fince if there be Oc- 
caſion for them, they may eaſily and readily be done by the Rules al- 
ready delivered. | 
# Asjthe different Appearances of the ſameCircles of theSphere upon 
different Planes, ariſes only from the different Isclinations of the Planes 
of thoſe Circles to the Plane of the Circleupon which they are to be 
repreſented, ſo the Rules here delivered for drawing the ſeveral Cir- 
cles of the Sphere upon the Plane of the HorizonOrthographically, will 
ſerve for drawing ot the ſame . upon the Plane of rhe Equator, 
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if we conſider the Vertical or Azimuth Circles, and Parallel, of 
Altitude, as Hour Circles and Parallels of Declination in the former 
Example, and the contrary ; Since the Inclination of thePrime Vert; 
cal to the Plane of the Equator, is the ſame with the Inclination of 
the Six a Clock Hour Circle to the Plane of the Horizon The ſame 
Rules will extend likewiſe to the drawing of the ſameCircles upon the 
Plane of the Ecliptic, it we conſider the Six a Clock Hour Circle 
as inclined to the Plane of the Projection, at an Angle of 66 deg, 
37 min. as it really is, inſtead of 38 deg. 32 min. as in the former 
Exampe, ana the Inclination of che reſt offthe great Circles, and the 
diſtances of the Interſections of the ſeveral ſmall Circles with the 
Meridian, from the Pole of the Ecliptic, in this Caſe the Pole of 
the Projection accordingly ; and therefore I ſhall omit ſnewing the 
particular manner of drawing them here, upon thoſe two Planes, not 
doubring but upon Occafion, the Intelligent Reader will reacily and 
eaſily perform them himlelf, 

Altho every Repreſentation of the Sphere upon the Plane on which 
the Circles are projected, according to ſomeknown and eſtabliſh'dZow, 
are ſufficient to exhibit all the various Triangles form'd upon the 
Surface of the Sphere, by the mutual Interſections of the ſeveral * 
great Circles deſcribed upon it, and account for all the various Ap- 
pearances ariſing from the diurnal Motion of tie Caleſtial Bodies, 
yet ſuch only are retained for common Uſe, wherein the Triangles 
themſelves are expreſſed to the moſt Advantage, and the Repreicn- 
tatives of the Circles themſelves are drawn with the greateſt Eaſe; 
and hence it is that the Stereographic Projections of the Sphere are 
preferr'd before all other in common Practice, becauſe the Circles 
of the Sphere in general, are projected upon all Planes, either into 
Right-lines, than which nothing is more ſimple, or into Circles, 
which of all Curves are the moſt perfect; and are conſtructed 
with the greateſt Eaſe, and that among the many various Repricn- 
tations of the Sphere upon Planes, that upon the Plane of the N cri- 
dian is preferr'd before all others ; for the Solution of the common 
Problems, relating to the Riſing and Setting of the Sun or Stars, Cc. 
and that the Repreſentation of the ſame Circles upon the Plane of the 
Horizon is preterr'd before others for the Solution of Sciotherical Pro- 
blems, and that the Projection of the ſame Circles upon the Plane of 
the Equator, for the repreſenting the Cælectial Images or Conste!- 
lations, &c ; becauſe] the ſeveral Triangles that are requiſite for the 
Solution of the various Problems peculiar to each Branch of Science, 

| are 
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are exhibited to very great Advantage in thoſe ſeveral Repreſentati- 
ons, and the Uſes for which they are ſeverally deſigned, are pel 
formed with the greateſt Eaſe and Certainty : And altho the Ortho- 
graphic Repreſentations in general, fall ſhort of theſe, in the conſtruc: 
ung of the Problems and their Solutiors by the Projections themſelves, 
upon account of the Circles that are inclined to the Plane of the Pro- 
jection, being repreſented by Ellipſis's, which being not Geometrical 
Curves, muſt be drawn per puncta, requiring conſequently more 
time in the Performance than in the drawing of Circles, and being 
ſubje et to leſs degrees of Accuracy; yet as every particular Projection 
of the Sphere, has its particular Advantage above another in the So- 
lution of ſome kind of Problems, ſo the Repreſentation of the Cir- 
cles of the Sphere upon the Plane of the Solſtitial Colure, when i: 
is ſuppoſed to lye under the Meridian, has its peculiar Excellencics 
in giving Solutions to the uſual Problums ariſing from the diurnal 
Motion of che Sun, Cc. with greater Expedition and Exactneſs in 
moſt Caſes, than any other kind of Projection whatſoever will doe, 
as will more evidently appear in the Sequel of this Section 
From what has been {aid concerning Orthographic Projection, it is 

abundantly manifeſt, that any Part or Portion of a greatCircle that is 


projected into a Right-line, which for diſtinction Sake is called 2 


Right Circle, intercepted between the Center and any other point ta- 
ken in the ſame projected great Circle, is equal to the Right-fine of 
the Arch of that great Circle that it repreſents ; thus in Plate the 475 
it is manifeſt, that ry w the Repreſentative of the Arch 4 S of the 
great Circle A ? N, is equal to © D the Right-ſine of the ſame 
Arch A S ; and conſequently any Part or Portion of the {ame pro- 
jected Right Circle, intercepted betwcen any two given points, is 
equal to the Sum of the Sines of the two Arches intercepted be: 


tween the Pole of the Projection and each Extremity of the given 


Arch, if the Pole lye within the given Arch, but to the Difference 
of the Right-fines of the ſame two Arches if the Pole of the Plane 
of the Projection lye without the given Arch; or which is the {ame 
thing, if the given Arch lye intirely on the fame fide of the Pole, for 
in the Figure in Plate the 4th, the Arch Vu of the projected great 
Circle P'S, is equalto V' w +Y w, the Sum of the Sines of the 
Arches # and A, the diſtance of each of the Extremities of the 
given Arch S , of which the given Kight-line JF w is the Repres 
{entative, from A (in this Caſe the Pole of the Projection) upon the 


Surface of the Sphere, but wr the Repreſentative of the Arch * che 
exi- 


9 


© as, 


56060 Of the Urthographic Projection of the Sphere 


Periphery Sa, is equal to the Difference of the Right: ſine; 77 
and rw, of the Arches A a and A &, the diſtances ot the Extremi. 

ties a and S of the Arch ꝙ a, irom the Pole A of the Projection. 
And becaule the {mall Citele deſcribed upon the Surface ot the 
Sphere, of which the Right-line Sec, is the Repreſentative, in- 
aſmuch as it is parallel to the Equator, and conſequently with the 
Equator cuts off equal Portions ot the ſeveral Hour Circles or Cir- 
cles of Right Aſcenſion deſcribed upon the Surface of the Sphere. 
And inalmuch as the {ame happens to every other ſmall Circle tha: 
is parallel to the Equator, or to any other great Circle whatſoexer. 
it is maniteſt that the ſeveral Parts or Portions A , Z 7, » Y 
F 5, &C. of the ſeveral projected Hour Circles PASO, P7g; 
Pwr FS, .&c. contained or intercep:ed between the Diameter 4 9, 
the Repretentative of the Equator, and the Right-line S « c, the 
Repreſentative of a ſmall Circle parallel to the Equator, ſuppoſe 
the Tropic of Cancer, or of any other Portio is 40 A, m7, 1; 
#5, &c. contained or intercepted. between the Repreſentatives 
40 , 1, u, 40, of any other ſmall Circle parallel to theEquator, ang 
conſequently the Portions of any other Number of great Circles, 
that cut any projected Right Circle at Right-angles, contained be- 
tween the projected Right Circle and the Repreſentative of ary 
Imall Circle parallel to its ſelf, are equal to each other, and to the 
Right - ſine of that ſmall Circies diſtance from the great Circle 0 
which it is parallel; whence it follows univerſally, that any Part 
or Fortion of any projected great Circle intercepted between any 
two Parallels, is equal to the Sum of the Sines of the diſtances of 
thoſe ſmall Circles from the great Circle ro which they are paral- 
Jel, if the ſmall Circles iye on contrary ſides of the great Circle to 
which they are parallel, but to the Difference of the Right-ſines of 
the diſtances of each of thoſe ſmall Circles from the great Circle to 
which it is parallel, if the ſmall Circles lye on the ſame {ide of the 
great Circle to which they are parallel; thus in Plate the 4h, the 
Arch Z ⁊ of the projected great Circle PZ x &, contained or inter- 
cepted between the Parallel Sc and x V, is equal to r Ar v, the 
Sum of the Sines of the Arches A & and A x, the diſtances of the 
Parallel S e and x V, from the great Circle A © to which they 
are parallel, but the Arch Z m of the ſame projected great Circle 
P Z ⁊ S contained or intercepted between the Parallels 4 & and 
and 4 40, is equal to the Difference of 11 and r v, the Sine of = 
ches 
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Arches 440 and 4 , the diſtances of the Parallels from the 
great Circle 4 A. to which they are parallel. And 

Hence we are caught how to lay off any Number of Degrees in 
any projected great Circle from any given point, or to meaſure any 
Part or Portion of it when projected; and becauſe every Spherical 
Angle is meaſured by an Arch of a great Circle deſcribed about 
the angular point as a Pole, and intercepted between the two Cir- 
cles that conſtitute the Angle. 

Hence we are taught how to conſtrue any Angle Orthographicai- 
j or to meaſure any Angle when projected. 

And inaſmuch as any two great Circles which interſe& each o- 
", ther in any given point, forming thereby with each other any given 
5 Angle, cut off between themſelves, equal Portio1s of all the ſmall 
Circles that are drawn about the angular point, or point of Inter- 
ſect ion as a Pole, equal to each other, and to the Arch of the 
great Circle the Meaſure of the given Circle; it follows, becauſe the 
gear Circles P8S, P78, Pr, &c. form equal Angles with each 
o71er, ra: the Portions m, nl, [n, n &c. and 37, ih, bk, 
k ©, &c. of the Parallels 40 140 and 30 ) 3o, drawn about the an- 
gular point P as a Pole, are equal to each other, and to the Arches 
87, 77, J 5, Cc. of the great Circle 4 2, deſcribed about the 
angular point P as a Pole, and intercepted between the given great 
Circles P 8 5, P7S, Py 5, &c 

And again, inaſmuch as the ſeveral Portions 21, me, Bh, im, 
&c. of the ſmall Circle 40 J, 30 , &c. are Ordinates in the E, 
lipfis, and conſcquently are to each other as the correſpondent Or- 
dinates 40 /, 3o mn, of the circumſcrbing Circle 4P OS: And in- 
aſmuch as the Ordinates in the Circle a, are the Sines of theif 
reſpective diſtances from the Pole of the great Circle to which they 
are parallel, it follows that the ſeveral Portions « 4, m, 2h, and i h, 
are as the Sines of their reſpective diſtances from their common Pole 
P, to the ſeveral Radij 401, 30 , Cc. and hence we are taught 
a ready way to meaſure any Part or Portion of a projected ſmall 
Circle, that is projected into a Right line, or to lay off any Num- 
ber of Degrees upon it when projected, 

As any Part or Portion of a ſmall Circle that is projected into a 
Circle, is meaſured after the ſame manner as a common Rectilinear 
Angle is, and any Number of degrees laid off upon it, in the ſame 
manner as we conſtruct a Plane Angle; and inaſmuch as any part or 


portion of a ſmall Circle that is projected into an Elliplis is — 
| red 
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red, and any Number of Degrees laid off upon it, after the ſys 
manner as we neafure any Arch, or lay off any Number of degreg 
in 2 proj- Jed great Circle inclined to the Plane of the Projetticy 
regard beirg had to the tranſverſe Axis and conug?te Diameter of 
the given Ellipſis. 

Hence we are taught univerſally, how to lay off any Number gf 
Degrees in a projected ſmallCircle, or to meaſure any Part orPortign th 
of it when pfiojected- 

The great Analogy between the Repreſentatives of the ſeveral 
Portions of every projected great or ſmall Circle, and their corte 
ſpondent Sines, which in great Circles that are either inclined to, 
or ſtand at Right angles to the Plane of the Projedion, as well as 
in every ſmall Circle that cuts the Periphery ot the Plane ot the 
Projection at Right angles, are ever equal to the Sines of the Arches 
they repreſent upon the Surface of the Sphere, and may therctore 
be ſubſtituted in the room of the Arches themſelves, is a peculiar 
Property of Orthographic Projection; and renders the Solution of all 
Alironomical Problems, by the Projection of the Sphere upon the 
Plane of the Meridian, much more ſimple and eaſy than any other 

Kind of Projection of the Sphere upon any other Plane can do; as 
will more evidently appear from the following Examples. 

Let it therefore be required by the Figure in Plate the 47Þ, which 
is an Orthographic Projettion of the Ptolemuic Sphere; ſuppoſing the 
Eye placed at an infinite diſtance upon the Line produced from 
the Center, thro the vernal Section, the Solſtitial Colure beirg 
under the Meridian, and the whole adapted to the Latitude (ſuppoſe) 
of London, which is 51 deg. 32 min. North, to find (the Sun's place 
being firſt ſuppoſed to be known or given.) 

1. His Right Aſcenſion, X 

2. His preſent Declination, the greateſt Obliquity of the Eclir- 
tic being fixed at 23 deg: 29 min, whence and from the Latitude of 
the Pace, | 

2, His Amplitude, Rifing and Setting, that is how many degrees 
hs riſes and ſets from the true Eaft or Weſt points of the Horizon. 

4. His Aſcenſional Diffzrence, or how long ke riſes or ſets befote 
or after the Hour of Six. 

5. His height, at the hour of Six. 

6. His Azimuth, or on what point of the Compaſs he ſtands, 
from che points of Eaſt and Weſt, at the hour of Six. 


7. His 
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7. His Height when he appears due Eaſt or Weſt. 

8. The Time when he appears due Eaſt or Weſt. 

9. His Height at any Time when he is in the Equator. 

10. His Azimuth at any time when he is in the Equator, 

11. His Height at any time when he is in any point of the Ecliptic. 

12. His Azimuth on the ſame point at any given Hour; and of 
theſe in their Order, 

And let us ſuppole the Sun to be in 8 deprees of Taurus, 
and let it be required to find his correſpondent Right Aſcenſion and 
Declination- 

Now becauſe in thisCaſe theSun is diſtant from the next Equinoctial 
point 387 oo if the Right · ſine of 38 oo' to the Radius ot the Projection 
AY, be ſet off in the Ecliptic from Y towards & to ©, it will give 
© for the Place of the Sun in this Projection; and if thro this point 
© and the Poles P and S, a Circle of Right Aſcenſion as P © R be 
drawn, it will cut off an Arch Y R, of the Equinoctial equal to the 
Right-fine of 35 deg. 37 min. to the Radius of the Projection A V, 
and che Arch © R ot the Circle ot Right Aſcenſion P OR, equal to 
14 deg. 12 min. wilt be the correſpondent Right Aſcenſion, which 
is found by drawing a Right-line as T © D, thro @ the Place of the 
Sun parallel to 4) Q, till it cut the Periphery of the Plane of the 
projection in 7; tor then the Arch of the Meridian 7.4, will be e- 
qual to the Arch of the Elliplis © R, which may be meaſured by 
the Ling of Chords. 

Bur inaſmuch as the ſmall Circle T S D is parallel to the Equator, 
it is manifeſt that Y D equal to © R equal to 7 D, is the Sine of 
the Arch TA the Meaſure of the Arch of the Ellipfis © R, the pre- 
{ent Dectination ; wherefore if the neareſt diſtance of the point © 
from the Equator A Q, be applied to a Line of Sizes of the ſame 
Radius with the Radius of the Projection, it will give at once the 
correſpondent Declination. 

And inaſmuch as the Quadrant of the Right Aſcenſion P © R, 
cuts of proportional Arches R Y, O D, ©c. from the great Circle 
AY Q, and all {mall Circles as T © D parallel to it, it follows, 
that © D has the ſame proportion to T D, as the Arch of the Equi- 
noctial Y R has to A; but Y R is the Right-line of the Right 
Aſcenſion, in the preſent Caſe to the Radius of the Projection Y A; 
wherefore © D will be theRight-ſine of the ſame RighrAſcenſion to 
the Radius TD, wherefore if the Arch OD be applied to a Line of Sixes 


of the lame Radius with T'D, it will give theRightAſcenſion requi- 
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red: So that having found the point ©, if the neareſt diſtance of that 
point be applied to the Line of Sines upon the Sector, and fitted to 


the Radius Y 4, it will give the preſent Declination, and the nezr- 


eſt dillance of the ſame point © from the Axis or Equinoctial Colure, 
being applied to a Line of Sizes whoſe Radius is equal to T D wil 
give the preſent Right Aſcenſion 

So that in the preſent Caſe having found the point , there is ng 
need of drawing the Ellipfis P OR, in order to give a Solution to 
the Problem, but only of applying the neareſt diſtance of that poirt 
© tothe Equinoctial and Equinoctial Colure, to proper Scales of 
Sines, and the proper Requiſites will then be diſcove red. 

And in order to adapt the Sector to any Scale whatſoever, we have 
no more to do, but to take the given Radius as ſuppoſe 7 D, be- 
tween the points of a pair of Compaſſes, and to open the Sefor till 
one foot of the Compaſſes being placed in the go Degree point of 
one of the Line of Sines, the other foot of the Compaſles will juſt 
reach to the 9o Degree point in the Live of Sines upon the other 
Leg of the Sector; and after this manner is the Sc fitted to mea- 
ſure any Part or Portion of any great or {mall Circle 

The Sun's Declination being thus determined, let it be required 
from thence and the Latitude of the Place of Obſcrvation, ſuppoſe 
London, which is placed in 51 deg. 32 min. of Northern Declina- 
tion, and to which this Projection is adapted, to find the Amplitude 
and Aſcenſional Difference ; and that the Arches may be the more. 
conſpicuous, let us ſuppoſe the Sun to be in the firſt point of Can- 
cer, when his Declination is 23 deg. 29min. North. Wherefore, 

Having drawn the ſmall Circle S wc parallel to the Equator, and 
to repreſent the parallel of the Sun's diurnal Courſe, where this inter- 
ſets the Horizon as in the point B, it will give the point of the Sun's 
riſing or ſetting, and conſequently the diſtance of this point B from 
the point Y, which repreſents the Eaſt and Weſt points of the Hori- 
zon, will be the Righec- ſine of the Sun's Amplitude; and being ap- 
plied to a Line of Sines whoſe Radius is Y ©, it will be found to 
give 39 deg. 50 min. the Sun's Amplitude in the.preſent Caſe, and 
if the Arch B w of the Parallel S C, or Parallel of the Sun's diur- 
nal Courſe, be meaſured by a Line of Sines, whoſe Radius is equal 
to & wor. wC, the Semi-Length of the Parallel, it will give 33 deg- 
og min. equal to 2 hor., 12 min. 36 ſec. for the Aſcenſional Diffe- 
rence; or time that the Sun riſes before, and ſets after the Hour of 
Six. For if thro the point B a Quadrant of an, Ellipſis or 84 

irc 
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Circle be drawn, as PBM, it is manifeſt that Jm equal in Value 
5 to w B, the diſtance between the aſcending points Y and m is the 
a preſent Aſcenſional Difference. 

Again, the Sun being ſuppoſed to be in the ſame point of the E- 
cliptic as before, and it be required to find the 5th and 6th Requi- 
ſites, that is his Height and Azimuth at the Hour of Six, if from 
50 the point w the Interſection of the parallel of the Sun's diurnal Courſe 

wich the Axis or Six a Clock Hour Circle, the Right- line w C be 
drawn, it will be equal to the Right-ſine of 150 the Sun's Azimuth 
if at that time from the Eaſt or Welt points of the Horizon the Radius 
C bo, as will a perpendicular Line let fall from the ſame point w 
upon the Horizon HO, give 18 deg- 11 min. for the Sun's Altitude 
at char time, if mr ed by a Line of Sines adapted to the Radius of 
I the Projection, as is very maniteſt, if thro the Pole P and the point 

f , 2 Quadrant ot an Ellipſis or Hour Circle as Z F be drawn. 
Again, the jame things being given as before, and it be required to 
find the 7th and 8th Requiſites, that is the time when he will ap- 
pear due Eaſt or Weſt, and his Height above the Horizon at that 
time, if chro the point y the common Interſe&ion of the Parallel of 
| the Sun's diurnal Courſe and the Prime Vertical Z MN, a Qua- 
drant of an Ellipſis as P TZ, be drawn or imagined to be drawn, 
ive ſhall have the Arch ot the Prime Vertical Tr, equal to the Right 
ſine of zo deg. 35 min. to the Radius of the Projection r Z for his 
Altitude, and the Arch of the parallel q u, equal to the Right ſine 
of 20 deg. 11 min. equal to o1 h. 20 m. 44 ſ. to the Radius S w 
or wC, for the time after Six in the Morning, when the Sun will 
appear due Eaſt, but before Six in the Afternoon when he will ap- 
' pear due Weſt. LN | 
Again, ſuppoſing rhe Sun to be in the Equator, and it be requi- 
red to find the 9th and roth Requilites, that is his Height and A- 
zimath at any Hour of that Day, as ſuppoſe at Three in the After- 

noon or Nine in the Morning. 

If thro the points 9 3, where the 3 or 9 a Clock Hour Circle cuts 
th: Equator, in this Caſe the Path of the Sun's diurnal Courſe, and the 
Zenith Z a Quadrant of an Ellipſis or Azimuth Circle be drawn, we 
ſhall have the Arch 9 3 & for his Altitude at that time above the 
Horizon ; and which will be found to be 26 deg. 6 min. by apply- 
ing the neareſt diſtance of the point 9 3, from the Horizon, to a Line 
of Sines, whoſe Radius is equal to the Radius of the Projection, and 
the Arch of theHorizon r & for his Azimuth, from the Prime Vertical 
Dddd 2 * at 
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at that time equal to 38 04', and which may be found by applyin 
the Arch of the Horizon & to a Line of Sizes, whole Radius ise ual 
to the Radius of the Projection, or by applying the neareſt diſtarce 
of the point 9 3, from the Prime Vertical Z N, to a Line of Sing 
whoſe Radius is equal to half the Diameter of the ſmall Circle draw; 
thro the point 9 3, parallel to the Horizon H C. 
And laſtly, ſuppoſing the Sun to be in the firſt point of Cancer 3 
before, and it be required to find what ſhall be his Height at 40 
min. paſt 3 in the Afternoon, or at 20 min. paſt 8 in the Morning 
each of which times arc equally diſtant from Noon, and on what 
point of thei Compaſs he will appear at either of thoſe times, and 
which are ther 1th and 1275 Requilites. 
Having drawn a Quadrant of an Elliplis as P L R, anſwering to 
the given time, where this interſects the Parallel of the Sun's diurng 
Courſe & C astia L, it will give the Place of the Sun; or which is the 
fame thing, if we ſet off the Sine of 35 degrees the Complement of 
the Hour from Noon, to the Radius S w from v to L, it will give 
L for the Place of the Sun at that time; and if thro that point L and 
the Zenith point Z, a Quadrant of an Ellipſis be drawn, where it 
interlects the Horizon as in * 26-8 m, it will give vn the Right 
fine of 12 deg. 42 min. to the Radius r H, for the Azimuth from 
the Eaſt or Weſt point of the Horizon, and the Arch Lm of the El- 
lipſis Z Lm equal to 40 degrees nearly, for the Altitude, which may 
be meaſured by drawing a {mall Circle thro the point L parallel io 
the Horizon, till it cut the Meridian, or by applying the Arch of the 
Prime Vertical intercepted between that Line and the point V, to a 
Line of Sines equal to the Radius of the Projection: And by apply- 
ing the Portions of the ſame Line contained between the point L and 
the Prime Vertical, to a Line of Sines whoſe Radius is equal to half 
the Length of the ſmall Circle, drawn thro the point I parallel to 
the Horizon, we ſhall have the Azimuth of the Sun at that time from 
the Eaſt or Weſt point of the Horizon, without being at the pains 
of drawing the Azimuthal Elliptical Quadrant Z LM. 

After the ſame manner may all Afronomical Problems relating to 
to the Sun or Stars be reſolved by this Projection, by the help of the 
Line of Sines only. | 

And if any Diameter as 4 Q, each half of it as 4 Hand , 
being firſt divided as the Line Sines is, be made to move about the 
Center , and the ſeveral Hour Circles and Parallels be drawn, the 
Periphery of the Primitye Circle being divided into degrees Cc. 
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the Projection thus prepared, will readily give Solutions to all pro- 
Hems relating to it by Inſpection only; and being ſo very eaſy fos 
Practice It is uſually paſted upon Boards, and called the Aralemma 
and is one of the beſt Contrivances for conveying a juſt Idea to the 
Mind of the manner how the ſeveral Triangles are formed by the 
Jaterſetion of the ſeveral great Circles deſcribed upon the 
here in Plano. And as a farther Inſtance of the Excellency of this 
Property of the Orthographic Projection that I have already exemply- 
fed, aud to ſhew that Solutions are given by Conſtructions, with 
l:{s Labour and more Exactneſs than by the Srereographic Projedtion : 
[ ſhall give a Solution to one of the moſt uſeful and common Prob- 
lms in AfFrozomy, and that is ſuppoſing it were required to find the 
Azimuth of the Sun and the Hour of the Day, the Latitude of the 
Place, the Declination of the Sun, and his Altitude being given. 
Having drawn the Meridian 2 OM, 
the Horizon HO, the Prime Vertical 
Z N, the Equator 4 ©, as in the He- 
d reographic Projet lion, draw the ſmall 
it Circle mn parallei to the Equator, at 
t the diſtance of the Sun's Declination, 
1 and the {mall Circle a parallel to the 
Horizon, at the diſtance of the Sine of 
the Sun's Altitude, where theſe two in- 
terſect it will give the Place of the Sun, 
and Sc will be the Sine of the Sun s A- 
zimuth from the Prime Vertical to the 
Radius a c, as will 5d be the Sine of 


the Hour from Noon to the Radius 
nd; and after the ſame manner may all Afronomical Problems be er- 


ſolved, by the help of the Sines only, without being at the pains 
of drawing ot Ellipſis's upon this Principal of Orthographic Projection; 
and inaſmuch as theſe are all perform'd by Right-lines only, hence 
it is that Projections of this Kind are called Prajectiont of the Sphere 
in Plano, as are the Solutions themſelves, uſually called Solutions by 
the Projection of the Sphere in Plano. 

How the Triangles are form'd, and how the proper Requiſites 
may be found by Calculation, has been ſufficiently ſhewn in the 24 
Volume, and therefore I ſhall proceed to ſhew in the next Section, how 
all the former Problems may be reſolved from that true Hypotheſis chat 
is grounded upon the Motion of the Earth, it being the moſt con- 
lentaneous to Reaſon, Experience, and common Obſervation: * 
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Containing a Solution of the chief and primary Problems Ml | 
in Aſtronomy, according to the ancient Pythago- 
rean or Copernican Syſtem 8f the World. | 


FT N accounting for the diurnal Phenomena of the heavenly Bodies, 
I and computing the times when the moſt remarkable Appear 
ances will happen, we have in the preceding Section, as well as thro- 
out the 57h Part of the Second Volume, ſuppoſed in common with 
the reſt of the Writers upon this Subje&, that the Earth is fixed im. 
moveable m the Center of the Univerſe, and that the Sun as well a; 
the reſt of the Caleſtial Bodies, are carried round about this ſlender 
Ball of ours once in the Space of Twenty-four Hours nearly, and 
that beſides this diurnal Motion of the Sun, he is carried by his own 
proper Motion thro the Ecliptic in the Space of 365 Days and 6 


Hours nearly; according to the Series or Succeſſion of the Signs trom 


the Weſt towards the Eaſt, moving at the Rate of one degree neatly 
each Day, and contrary to the Motion of the whole Sphere it ſat, 
which is from Eaſt to Weſt; and that inaſmuch as the Axis of the 
Ecliptic is inclined to the Axis of the Earth, at an Angle of 23 deg. 
29 min. the Sun in moving from theVernal Equinox to the Tropic of 
Cancer, or from the Autumnal to the Tropic of Capricorn, and which is 
performed in the Space ot 91 Days nearly; ſeems to deſcribe a Spiral 
Line in the Heavens, of ſo many Turns or Windings growing natrow- 
er one than another, till he reaches either Tropic; and after that to 
go back again in the ſame Spiral Path, till he arrives at the Equinoctial 
again, from which Motion of his proceeds the variety of Seaſons 
throughout the habitable World, and the Increaſe and Decreaſe 
of the Days, in all Places ſcituated between the Equator and the 
Poles, at different times of the Year | 
Let us now proceed to ſhew how the ſame Appearances may be ac- 
counted for, and the time when they will happen be determined from 
the followingSuppolitions, which are allow'd of to be true by the 2 
il 
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x ckilful Aſtronomers, and have the concurrent Teſtimony of the beſt 
1 Obſervations to ſupport them. And : 

1. That the Sun is placed in the common Center of Gravity of 
this our Planetary Syſtem, having no Motion proper to himſelf be- 
fides a Rotation about his ownAxis once in 25 Days 9 Hoursnearly. 

2. That the Earth turns round her own Axis once in 24 pee 

and that this diurnal Motion is always equable, uniform, and the 
Ms lame in every point of its Orbit. 

70s 3. That beſides its diurnal Motion about the Axis of the Equator, 
it is carried round the Sun in a large Path, betwixt the Orbs of Mars 


and Venus once ina Year. 
4. That the Axis of the Earth during its whole Revolution thro 


cs, its Annual Orb, 1s conſtantly inclined to the Plane of its Orb at the 
* ſame Angle, and is in all points of it nearly parallel to its ſelf. 

we 5. That the whole Diamerer of its Orb, is but as a point in com- 
th p:riſon 0: the inconceiveable immenſe diſtance of the Fixed Stars. 

1 Theſe Poſtulata being granted, | 


In Plate the cth, let r & repreſent the Annual Orb, in the 
Periphery of which the Earths Center is carried about the Sun ©, 
placed near the Center once in a Year, according to the ſucceſſion 
of the Signs. 

Thro © draw the Diameter Y © =, this will repreſent the great 
Equir octial Cojure, and at Right-angles to it and thro the ſame 
point O, if the Diameter ® © be drawn, it will be the Repre- 
lentative of the great SolſtitialColure in the Heavens. On each of the 
four points, and where theſe Lines interſe& the great Orb deſcribe 
ſo many (mall Circles æ tc s, theſe will repreſent the Disk and Poſi- 
tion of the Earth, at the commencement of the four remarkableSea- 
ſons of the Year. | 

And inaſmuch as the Sun illuminates only one half of the Terreſ* 
trial Globe at the ſame Moment of Time, (for the Difference ari- 
ſing from the great Diſproportion between the Magnitudes ot the 
Sun and Earth is of no Conſideration in this Place) if thro each of 
the points e in the four ſeveral Scituations, the Lines et ec, get, 

æ ec, be drawn at Right - angles to the Line O E, theſe will divide 
the illuminated part of the Disk from the Obſcure, and are there- 
fore termed the ſeveral Horizons of the Disk in the four diflerenc 
Politions, and conſequently in what Part ſoever of the Orb the Earth 
is ſcituated, if thro the Center e, a Right-line be drawn perpendi- 


cular to the Line connecting the Centers of the Sun and Earth, in- 
| almuch 
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aſ much as this Line is the Repreſentative of that Circle, that is the 
Bounder or Terminator between Light and Darkneſs it becomes the 
Horizon of the Disk in that Scituation. 
If rhe Plane of the great Orb be imagined to be extended infinitely 
every way, it will form in the Sphere of the Fixed Stars, that Circle 
whic Center of the Earth to the Eye placed in the Sun will ſeem 
to deſcribe or trace out, by her annual Motion round her Orb; this 
thereſore is called the Great Ecliptic in the Heavens, and inaſmnch 
as the Periphery 2 #c s of the ſmall Circle e s @tc, repreſenting the 
Disk of the Earth in every point of the Orb, will lye in the ſame 
Plane with the great Ecliptic before determined, this Circle therefore 
is called Ihe Ecliptic on the Surface of the Globe, and where there is 
no Occafion to confider the annual Orb, it is called the Ecliptic 
fimply, as is its Center e the Center of the Ecliptic. 

And becauſe when the Earth is in theSolſlicial points of Cancer ard 
Capricorn, the Diameter get of the Earths Disk is coincident with 
the Diameter of the Orb S OV, the Repreſentative of the great 
Solſtitial Colure in the Heavens, this therefore is called the $o!/titial 
Colure upon the Surface of the Earth; and when we have no Occaſion 
to confider the great Orb, it is called the Sositial Colure ſimply. 

In like manner, becauſe when the Earth is ſcituated in the Equinoctia 
points of Aries and Libra, the Diameter ze c of the Earths Disk, is 
coincident with the Diameter Y © = ot the great Orb, the Repre- 
ſentative of the great Equinoctial Colure before deſcribed, this Dia- 
meter  e t of the Earths Disk is called the Equinoctial Colure upon the 
Surface of the Globe; and when we have no Occaſion to conſider the 
annual Orb, it is called the Eguinoctial Colure ſimply. 

Conceive the Eye placed in the Superficies ut, tne Eatth perpen- 
dicularly under the point e, and which muſt therefore be the infe- 
rior Pole of the Eclipric, ro the Eye thus placed the Northern Pole 
of the Globe, or the upper Extremity of the Axis about which the 
diurnalRevolutions are made, will appear at p 23 deg. 29min. diſtam 
from tbe Pole of the Ecliptic e, to which if it be joyned by the Line 
pe, this will repreſent the: conſtant diſtance between the two. Poles, 
or the Inclination of the Axis of the Globe and Ecliptic to each other, 
as will the whole Diameter 8 pe > 7, the Repreſentative of the Sol- 
ſtitial Colure be the Repreſentative of the whole Axis it ſelf; this 
therefore is called the Line of the Direttion of the Earths Axis. 

Thro P the Pole in each of the ſmall Circles: S et c, let the 
great Circles © c, h % h, of g, &c. be drawn forming Angles =_ 

ca 
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each other of 15 deg. 30 deg. 45 deg. Cc. according to the Di- 
reftions given in Problem the 4th of Sefion the 24, of Part the 5th, 
theſe will repreſent the ſeveral Hour Circles in the ſeveral Scituations 
of the Earths Disk, and if sp z# repreſent the Meridian, as it does 
in the Solſtitial points of Cancer and Capricorn, the great Circle & p c 
will repreſent the Six a Clock Hour Circle, &c. * | 
As the Earth turns round upon her Axis, every point upon, the 
Surface therof will deſcribe a Circle; wherefore if about the point p 
as a Pole, the great Circle 29 c be drawn, after the manner taught in 
Problem the 4th, of Section the 2d, of Part the 5th, it will be the 
Repreſentative of the Equator upon the Earths Disk, or of the Cir- 
cle that any Place ſcituated under the Equator ſeems to deſcribe 
by the diurnal Revolution of the Earth; and after the manner taught 
in the ſame 4th Problem, if about the ſame point p as a Pole, the (mall 
Circles str c, xh e n, be deſcribed one at the diſtance of 66 deg. 
1 min. the other at the diſtance of 23 deg. 29 min. they will be the 
Repreſentatives one tec of the Tropic of Cancer, the other x em 
of the Artic Circle, or of the Circles that any one Place ſcituated un- 
der either of thoſe Circles upon the Earths Surface ſeems to deſcribe 
upon this Projection. And becauſe the diſtance of any Place upon 
the Surface of the Globe, is equal to the Complement of the Lati- 
tude of that Place, or of its diſtance from the Equator, if about the 
Pole point p, the ſmall Circle / z c be drawn, at the diſtance of 38 
deg. 28 min. the Complement of the Latitude of London, it will be 
the Repreſentative of that Circle that London will deſcribe by theCir- 
cum-Rotation of the Earth upon her own Axis; and univerſally, if 
about either Pole a ſmall Circle be deſcribed, at the diſtance of the 
Complement of the Latitude of that Place, it wi!! be the Repreſen- 
tative of theCircle which thatPlace deſcribes by the diurnal Revoluti- 
on of the Earth; and how theſe may be done has been ſhewn at 
large in the 4th Problem of Section the 2d of Part, the 5th, and elſe- 


where. 


The ſeveral ſmall Circles thus deſcribed are called the Paths of the 
Vertices of thoſe Places to which they re{pectively belong, and are of 
the ſame Uſe in determining the time of the riſing and ſetting ot the 
Sun and Fixed Stars, in finding their Amplitudes, Azimuths, Cc. as 
the Paralleis of Declination were in the Ptolomaic Projectious, deſcri- 
bed at large in the 5h Part of this Work, as will appear hereafter. 


Ecce * | By 
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By the help of the ſeveral Repreſentations of the Disk of the Earth 
thus prepared, in the ſeveral points of the annual Orb, may all the 
commonCcaleſtialAppearances be eaſily and very naturally accoun- 
ted for; and our ſelves at one view be inſtructed, how it comes to 
paſs why under the Equator the Days and Nights are of an equal 
Length all the Year long, why within the Polar Circles the Days at 
ſometimes are longer than 24 Hours, and why at the oppoſite 
Times of the Year the Nights 'are as long, and why under each 
Pole there is but one Day and one Night during the whole Year, and 
why in all other Places the Days are not of the ſame Length ar the 
Tame time of the Year, and why in the ſame Place the Days differ 
in Length at different Times of the Year ; how it comes to paſs that 
the Sun approaches to, and receeds from the Vertex of any Places at 
diflerent times of the Year, and why ſome Stars are always viſible 
when the Sun is abſent, and others never appear, Oc. 

For let us ſuppoſe the Earth in the firſt point of Libra viewing 
the Sun in the firſt point of Aries, its oppotite point in the Ecliptic, 
becauſe in this Caſe the Line connecting the Centers of the Sun and 
Earth coincides with the Equinoctial Colure, the Horizon of the 
Disk will coincide with the Solſtitial Colure, in this Caſe the Repre- 
ſentative of the Axis of the Earth, and conſequently the Repreſen- 
ratives of ali the Paths of the Vertices of every Place deſcribed upon 
the Disk of the Earth, and of all others that can be deſcribed, 
will be biſe&ed or cut into two equal Parts by the Horizon of the 
Disk ; one half of which will fall in the illuminated Part of the Disk, 
and the other halt in the obſcure Part. 

And inaſmuch as while the Vertex 1s tranfiting over the illumi- 
nated Part of the Disk, it ſees the Sun and it is called Day, and while 
it is travelling over the obſcure Part ir fees him not, and it is called 
Night, it follows, that the obſcure or darkned Parts of the ſeveral 
Paths, are equal to the illuminated or diurnal Arches of the ſame, 
and conſequently the Days mult of neceſſity be equal in Length to the 
Nights in all Places of the Earth, 

Let us now imagine the Earth to have moved from Libra to Ca- 
pr icorn, the Line of Direction keeping {till nearly parallel to its ſell, 
and to the great Solſtitial Colure, becauſe in this Scituation the 
Line connecting the Centers of the Sun and Earth, coincides with 
the Repreſentative of the great Solſtitial Colure, and conſequently 
with the Earths Solſtitial'Colure spe zt 0 in this Caſe, the Axis of 
the Earths Equinoctial Colure & ec becomes the Horizon of the mw 

an 
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and inaſmuch as the Horizon of the Disk in this Caſe touches the 
Artic Circle in the point e, it follows, that all Places that lye be- 
twixt the two Poles of the Globe and Ecliptic, or within the Artic 
Circle, ſee the Sun, and are illuminated during the whole time of 
their Revolutions, wherefore the Vertexes of all Places that lye 
within that Space, ſee the Sun longer than 24 Hours, and that ſtill 
longer, as the Places are leſs diſtant from the Pole; but inaſmuch 
as in this Scituation the Artic Circle ir ſelf juſt touches the Horizon 
of the Disk, it follows, that the Inhabitants under this Circle juſt 
ſee the Sun in the NorthernPart of the Horizon 90 Degrees from the 
Vertex, and conſequently ſo ſoon as he is paſt it, view him alcending 
again, whence their longeſt Day is equal to juſt 24 Hours, and be- 
cauſe the Paths of the Vertexes ofall other Places that lye without 
this Circle, are cut by the Horizon of the Disk into unequal Parts, the 
greater Part of which lye in the illuminated part of the Disk, and 
the leſſer in the obſcure, and as theſe Portions Kill approach to 
a Ratio of Equality, till at laſt in the Equator they become equal, 
[naſmnch as the Equator and the Horizon of the Disk are great Cir- 
cles, and conſequently divide each other into equal Parts, from the 
known Property of the Sphere, it follows, that the Length of the 
Days to all the Northern Inhabitants ar this time is leſs than 24 
Hours, but greater than the Length of the Night, and that this In- 
equality grows leſſer the nearer the Places are ſcituated to the E- 
quator; and the farther they are removed from the Artic Circle, 
till at laſt under the Equator it ſelf the Days and Nights become 
equal 10 eachother, . 

Let us now conceive the Globe to have moved from M to V, the 
Axis of theGlobe or Line of Direction ſtill preſerving itsParalleliſm 
to it ſelf, becauſe in thisScituation, as well as in irs oppofiteScituation 
the point , the Horizon of theDisk s p e 2 2 which ſtands at Right- 
angles to theRepreſentative of the great Equinoctial Colure, coincides 
with the Solſtitial Colure, in this Cæſe the Repreſentative of the 
Farths Axis it ſelf, it follows, that the Paths of the ſeveral Vertic- 
es will be all biſected by it, that therefore the enlightened Arches 
will become equal to the obſcure ; and conſequently the Days will 
become equal to the Nights in all Places of rhe Earth. 

And laſtiy, if we imagine the Earth to be carried again from A- 
ries to Capricorn, the Axis ſtill retaining its Paralleliſm, the Ho- 
rizon of the Disk ec will again become coincident with the Sol- 
ſtitial Coluce z and becauſe the Artic Circle juſt touches the Hori- 
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zon of the Disk in the point e, the Sun will never appear above the 
Horizon, but ſo ſoon as he touches it in the Southern Part, will 
immediately begin again to deſcend, and conſequently the Night 
will be equal in Length to 24 Hours; and inaſmuch as the whole 
Artic Circle lies intirely within the obſcure part of the Disk, the 
Nights will be longer than 24 Hours each; and ſo much the longer 
as the Places are removed nearer to the Pole, or the farther from 
the Equator ; and inaſmuch as the Paths of the Vertexes of all Pla- 
ces that lye without the Artic Circle, are cut unequally by the Ho- 
rizon of the Disk, the leſſer part of which lying within the illumi- 
nated part of the Disk, and the greater within the obſcure part, ma- 


king thereby the Nights ſo much longer than the Days; juſl equal and 


contrary to what they were when the Earth was ſcituated in the op- 
polite part of its Orb at : And inaſmuch as theſe unequal Sections 
of the Paths in this Scituation alſo approach nearer to a Ratio of 
Equality, till when under the Equator, the nocturnal and diurnal 
Arches are equal, it follows, that the Length of the longeſt Night 
is leſs than 24 Hours, but greater than the Length of the Day; and 
that this Inequality likewiſe diminiſhes the nearer the Places are ſcit- 
uated to the Equator or the farther from the Pole, till at laſt the 
Days and Nights become equal to ;all the Inhabitants that are ſcitu- 
ated under the Line. | 
While the Earth is carried from = by to V, the Northern Pole 
p will be always in the illuminated part of the Disk, whence a con- 
tinual Day at that time under the Pole will neceſſarily follow; but 
whilſt fhe is running from Y by S to S. it will be conſtantly in the 
obſcure part of it, where of Confequence it will be perpetual Night ; 
whence it is evident that under the Poles the Day is ever equal to the 
Night, and each equal to one half of the whole Year. 
And it in any of the intermediate Stations between Libya and Ca- 
pricorn, we imagine or cauſe the Earths Disk to be drawn, furniſhed 
with the ſeveral great and ſmall Circles, we ſhall manifeſtly ſee that 
the illuminated Parts of the Paths will be greater than the obſcure 
Parts, and that this continually increaſes as the Earth travels from 
Libra when they are equal, toCapricorn, at which Place when ſhe ar- 
rives they will be greateſt of all; and the longeſt Days will happen to 
all the Northern Inhabitants ; and that as the Earth travels from Y 
to TY they will ſtilt grow leſs and leſs, till at laſt when the Earth 
arrives at TY, they will again become equal; and that after this, as 
the Earth moves from I to &, the obſcure Parts of the Paths will 
con- 
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continually grow greater than the enlightened, till at laſt when ſhe 
arrives at the point S, they will be the greateſt of all, and at which 
times the Days will be the ſhorteit and the Nights the longeſt, to all 
the Inhabitants in the Northern Hemiſphere ; and that after the Earth 
has left this Scituation the Arches themſelves will approach nearer 
to a Ratio of Equality, till at laſt when the Earth arrives at & again, 
they will become mutually equal to each other, and the Days and 
Nights will become equal to all the Inhabitants upon the Earth. 

And if we imagine the point p to repreſent the Southern Pole of 
the World, the ſmall Circle x nem to repreſent the Antartic Circle, 
the Circle s # r c the Tropic of Capricorn, the Circle / z A to repre- 
lent the Path of the Vertex of the Place in 51 deg. 32 min. of South 
Latitude, and the whole Circle e Sz t to repreſent the Southern 
halt of the Disk, the point V to repreſent =, and the point = to re- 
preſent Y; whatever has been ſaid of Places that lye in the North- 
em Hemiſphere, will hold good of Places that lye in the Southern 
Hemiſphere, and conſequently the general Appearances in all Places 
on the Earth will be juſtly and truly accounted tor. 

The general and moſt remarkable Appearances ariſing from the an 
nual Motion of the Earth being thus accounted for, I ſhall next pro- 
ceed to ſhew how ſome of the molt uſe ful Problems ariſing from the di- 
urnal Motion, may be reſolved upon the {ame Hypotheſis, and in 


Prob. I. 


Let it be required from the Sun's Place, or the Longitude of the 


point in the Earths Disk oppoſite to him from the next Equinoctial 
point, and the Inclination of the Axis of the Earth to the Plane ot 
her Orb, and which is fixedat an Angle of 66 deg. 31 min. to find 
out the diſtance of the Sun's Place from the North Pole of the Globe, 
and the Right Aſcenſion of the ſaid Place, 


Example. 


Let us ſuppoſe the Sun to appear to an Eye placed upon the Sur- 
face of the Earth in 27 deg. 33 min. 57 ſec. of Taurus, and let it 
be required to!find the Right Aſcenſion of that point, and the diſtance 
that the Sun appears from that point in the Heavens that is oppolite 
to the Northern Pole of the Earth, | | 


The 
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The Stereographic Solution. 


I. Having drawn the Ecliptic 
= S V, the EquinoGial Colure 
= eV. and at Right-angles to it 
and thro the Center e, the Solſti- 
tial Colure S e , ſet off the Se. 
mi-tangent of 23 deg. 29 min. the 
conſtant Inclinations of the A xiges 


{>F? 5 
ah * of the Equator and Ecliptic from 


J 5 the point e the Repreſentative of 

| by the Pole of the Ecliptic in the Sol. 

LO ſtitial Colure, from e towards S 

N 85 : to p, this will give the Place of the 
North Pole in this Projection. 

2. Becauſe the Sun appears 57 deg. 33 min. 57 ſec, from the next 
Equinoctial point Aries, ſet off the Chord of 57 deg. 33 min. 57 ſec, 
in the Ecliptic from Y towards & to ©, this will give the Place of 
the Sun. | 

3. Thro the point © and the Pole of the Equator P, draw the 
Circle of Right Aſcenſion © P N, by Caſe the 2d of Problem the 1f,, 
of Section the 2d of Part the 4th, then will P © repreſent the appa- 
rent diſtance of the Sun from the North Pole, which may be mea- 
ſured by Caſe the 3d of Prob. the 7th, ot Set. the 2d of Part the 4th, 
and the Angle = PO the Right Aſcenſion from the Solſtitial point 
>, which may be meaſured by Caſe the 3d of Problem the 10th of 
the ſame Section, and to pronounce their juſt Quantity by Calculation, 

In the Spherical Triangle ? S ©, Right-angled at S, are given 
Y S the ſnclination of the Earths Axis to the Plane of the Ecliptic, 
and S © the diſtance of the Sun from the next Solſtitial point &, 
wherce, firſt to find P © the apparent diſtance of the Sun from the 
North Pole, it will be by the firſt Caſe of Right-angled Spherical Tri- 
angles, as R: cs, ? S:: cs, OS: c 5, P O. That is 

As the Radiug———————————10.0000000 


To the Co- ſine of the Inclination of the Axis 66.3 1.00—9.6004090 
So is the Sine of the Sun's diſtance from the next E- 


quinoctial point Aries57.33-57 nd 9.9263467 
To the Co-ſine of its diſtance from the North Pole K. = 
70-3049 ;,——_————___r_ __—————_ + 9.5267557 


—— 


— — — 


2. To 
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> To find the Angle ©PS, the Right Aſcenſion from the Solſti- 
zl point &, it will be by the 2d Caſe of Right-angled Spherical Tri- 


les 
angie*s As S. P St R: t, 2 Ort, C PO; that is, 
As the Sine of the Inclination of the Axis 66.3 1. oo 9.96 24527 


— —ä 


10. 000000 


To the Radius er ere e . 
& is the Tangent o un's Longitude from the Sol- | 
ſtitial point Cancer 3 2.26.03 — 6 9.80 30856 


212üäͤ 


vo the Tangent of the Right Aſcenſion from — Q 
Solſtitial point Cancer 34 42.56% ————— 4 98406329 
| — — 

\ hich taken from a Quadrant, will leave 55 deg 17 min. 02 
ſec i, for the Right Aſcenſion from the Equinoctial point of Arien o 
by the ſame Caſe, thesRight Aſcenſion from the Equinoctial point 
Aries may be found at once, by ſaying 

As R: ct, P O: : ct, O: ct, CS PO. 
Again, 

If about the Pole point p, the great Circle = q Y, (which will b⸗ 
the Repreſentative of the Equator) be deſcribed and produced, ti- 
it meet the Circle of Right Aſcenſion NP © in R, in the Spherica! 
Triangle T © R Right-angled at R, are given, the Angle © R 
the conſtant Inclination of the Planes of the Ecliptic or the Equator 
equal to 23 deg. 29 min. the Arch of the Ecliptic Y ©, or the Hy- 
pothenuſe, equal to the Sun's Longitude from the Equinoctial point. 
Aries, whence by the Laws of Spherical Triangles may © R the 
Complement of the Sun's diſtance from the North Pole be de- 
termined, and the Arch of the Equator R the Right Aſcenſion c1 
the point © from the Equinoctial point; and after this manner may 
the Right Aſcenſion of the Sun, and his diſtance from either Pole 
be determined in any other point of the Ecliptic. 

By reaſon of the immenſe diſtance of the Fixed Stars, which is 
lo great, that if two Lines be extended from the extream points of 
the Diameter of the great Orb, to the neareſt Fixed Star, they will 
in a manner coincide, and form no ſenſible Angle: the whole Circle 
in the Circumference of which the Earth is carried about, is but as a 
Phyfical point with regard to the Orb, in which the Fixed Stars 
ſeem to be placed ; and whereas to an Eye placed in the Sun, the 
Earth does really appear to move round the Sun in that Circle whic!” 


we call the Ecliptic, amongſt the Fixed Stars once in a Year = the 
| : ame 
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ſame Eye placed inthe Earth, the Sun according to the known Ian 

of Optics, will ſeem to move annually in the fame Orb round the 

Earth, and to deſcribe the ſame Circle amongſt the Fixed Stars, 

and conſequently may be conceived ar any time to be in that point 

of the Ecliptic in the Earths Disk that is oppoſite to the Sun, 6 

where the Line connecting the Centers of the Sun and Earth cuts the 

Superſicies of the Earth, which. therefore may not improperly 

be called the Place of the Sun in the Ecliptic ; thus in the former 

Figure the point © in the Ecliptic Y S = , which incompaſſes 

the Circle e = , the Repreſentative of the Earths Disk thrg 

which the Sun would appear to an Eye placed in the Center of th- 

Earth at e, is called the Sun's Place in the Ecliptic ; inaſmuch 25 

ir an{wers to, and correſponds with the ſame point in the great k- 

cliptic in the Heavens, in which the Sun would appear eo a Spec. 

tor Place upon the Earth; and conſequently it we conccive the 

Ecliptic, the Equator, the Colures, Cc. as a fixed Rete cloſely 

inveſting the Earth, while ſhe turns round within them, or which is 

the ſame thing, if we ſuppoſe an Artificial Sphere, furniſhed with 

the jeveral great Circles, contrived and invented by the Afrom- 

mers, for the Diviſion of the Heavens into the ſeveral Parts, neceſſ- 

ry for the Solution of the uſual Phenomena ; and at the ſame time the 

Earth to be ſo placed within it, as to be concentrical to the Sphere it 
ſelf, and to revolve upon the common Axis of the Sphere, inaſmuch as 
in whatſoever part of the Orb ſhe happens to be, ſhe is {till in a Phy- 
fical Senſe ſuppoſed to be in the very Center of the Heavens, the Cir- 
cles of our imaginary Sphere will become coincident with the great 

imaginary Circles in the Heavens, they are ſuppoſed to repreſent, and 

conſequently all Concluſions drawn from their ſeveral mutual Inclina- 
tions, Interſections, and the ſeveral Triangles that they form amongit 
themſelves, will anſwer and correſpond to the Arches orPortions of the 
Heavens that they repreſent, whence every Solution drawn from theſe 
Premiſes, muſt exactly accord and agree with the eſtabliſhed Rules 
and Order of Nature: theſe things rightly underſtood, will contri- 
bute very much to the forming ot a juſt Idea in the Mind (of the young 
Beginners) of the firſt Rudiments of this Science, and ſhew them by 
what Steps Aſtronomers proceed to attain their Ends, and open a 
ready Way to the perfect Underſtanding of whatſoever ſhall be of- 
fered upon this Subyect. This being premiſe let us proceed in 


Prob. 
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To inveſtigate the time when the Sun will appear to Riſe and Set 
and at what diſtance from any of the four CardinalPoints of the Ho- | 
rizon at London which is placed at the diſtance of 38 deg. 28 min. 
from the North Pole, on the 7th May 1720; when according to the 
firſt Problem, the Sun will be found to appear at the diſtance of 
70 deg. 20 min. 49 ſec ;, from the ſame Pole. The Sun is ſaid to 
riſe when the Vertex of any Place, or rather (as the Earth revolves 
upon her Axis) when the Place it ſelf juſt arrives at the Horizon 
ot the Disk, paſſing out of the obſcure into the illuminated part of 
the Disk, and to ſet when the Vertex of the ſame Place (by which 
we are hereafter to underſtand the Place it ſelf) arrives at the oppo- 
ſite Semi- circle of [the Horizon of the Disk paſſing out of the illu- 
minated part of the Disk into the obſcure again. Wherefore, | 

1. Having drawn the Ecliptic 
TS = Y, the Equinoctial Colure 
e, and at Right - angles to it 
and thro the Center, the Solſti- 
tial Colure S e V, ſet off the half 
Tangent of 23 deg. 29 min. from 
e in the Solſtitial Colure to p, then 
will p repreſent the NorthPole. 

2. At the diſtance of 38 deg. 28 
min, the Complement of the Lati- 
tude ot London, and about the point 
Pas a Pole, deſcribe the ſmall Cir- 
cle Z u, by Caſe the 3d of Problem 
the 45, of Section the 2d of Part 
the 4th, this will repreſent the Path 


of the Vertex of London. 
3. Becauſe the diſtance of the Sun from the North Pole, is 


equal to 70 deg. 20 min. 49 ſec, if about the ſame point P, at the 
diſtance of 70 deg. 20 min · 49 ſec. another ſmall Circle be deſcribed by 


the lame Caſe, it will cut the Ecliptic in © the Place of the Sun in 


this Projection. 
4. Thro the point © and the Center e, draw the Diameter Oe I, 


this will repreſent the Circle of Longitude paſſing thro the Sun, and 
Ffreet* if 
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if at Right-angl-s to ir, and thro the Center e, the Diameter 
He O be drawn, it will be the Repreſentative of the Horizon of 
the Disk in this Projection, 

As the Earth revolves about her own-Axis-from. Welt to Eaſt, 
when the Vertex of London arrives at , where the Path interſects 
the Horizon of tbe Disk, the Sun appears to riſe, and continues vi- 
ſible, till the ſame point of the Path anives at the point 2, in the 
oppoſite part of the Disk, where the Sun appears to ſet; and 
the Sun never ſees the Vertex till it-arrives again at 2, whence it 
comes to paſs in the preſent: Caſe, that 4 / 2 is the diurnal part, 
and a7 2 the nocturnal part of the Path, and to find the Value of 
each of theſe, or the Quantity of Time anſwering to either of 
them, . 11 bt 
1 5. Thro-©. the Place of the Sun, and P rhe. North Pole, draw 
the great Circle PO N, by Caſe the ad of Problem the 3ſt, of Sec. 
tion the 2d of Part the 4th, this will repreſent the proper Meridian 
of the Place, and the point / where it inter ſects the Paths of the 
Vertex, will be the Place of the Sun at the Noon of the ſame Day. 

| Wherefore; | | 
6. If thro the points # and Z, where the Path of the Vertex cuts 
the Horizon of the Disk, and © the Place of-the Sun, two Arches 
of great Circles be drawn, by Caſe the 3d of Prob. rhe iſt of Stereo- 
graphic Problems; and thro the Pole P and the ſame points Z and 

z the Hour Circles P # and P Z be drawn by the ſame Rules, the 
Angle © P equal ro © Z, will ſhew how many Hours he ri- 
ſes before, or ſets after Noon, as will the Angles © # P equal to 
OZ P, (hew how far he riſes from the Meridian towards the Eait, 
or how far he ſets from the ſame Meridian towards the Weſt; and for 
the ſame Reaſon, the Angle 2 P d equal to-s P d, will ſhew how long 
time the Sun riſcs after, or ſets before Mid- night; as will the An- 
gle Pi d or P zd, ſhew how far the Sun riſes from the Eaſt or ſets 
trom the Welf, towards the North or South; each of which may 
be meaſured by Ca/e the 3d of Stereographic Problems; but to de- 
termine the juſt Quantity by Calculation. FG Se: 

In the Great Triangle P G au, equal to PO are given, P © 
the diſtance of the Sun from the North Pole, P the Semi-di- 
ameter of the Path, equal to the Complement of the Latitude of 
the Place, and the Side © equal to a Quadrant, whence the An- 
gles OP the time from Noon, and © # the Azimuth from the 
[Meridian may be eaſily inveſtigated by the 117) Caſe of * 

pre- 
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Spherical Triangles: Or in the leſſer T riangle P ud equal to P d, 
are given, pu the Semidiameter of the Path equal to the Complement 
of the Latitude of the Place, Pd equal to the Complement of the 
Sun's diſtance from the Pole, and the Angle at e Right, whence 
the Angle u Pe the time the Sun riſes after, or ſets before Midnight, 
and the Angle Pu e the diſtance that he riſes of Sets from the E. or 
W. point may be readily found, by the 3d Caſe of Right-angled Sphe- 
rical Triangles, | 

As the Solution by the little Triangle Pd is much more ſimple 
and eaſy than by the great TriangleP© e, it ought to have the Pre- 
ference, wWherefore to find the Angle d PA it will be, 


As the t, Pu: t, Pd: : R: cs, Cd Pu. That is, 


As the Co- tangent of the Latitude 5 1.32.00 — 9. 9000865 
To the Co- tangent of the Sun's diſtance from the Pole Re” a 
70. 20.49; 5 — — 9.5528217 
So is the Radius — 3 


To the Co fine of the Semi- nocturnal Arch 6 1474. 9:65 27352 


Which being reduced into time, will give 04h. 13 m og ſ. for 
the time the Sun ſets before, or riſes after Midnight. 

2. To find the Angle Pu d it will be, As S. Pu: R: : S. Pd: 
S. Pu d. That is, 


As the Co- ſine of the Latitude 51.32 00 9.79383 17 
To the Radius — — 1 10.0600000 
© $0 is the Co-ſine of the Sun's diſtance from the Pole 


> 9:5267557 


To the Sine of the diſt. of the points of riſing or — : 
from the true Eaſt or Weſt point 32.43-42+ 9.73 29210 


70. 20.493 — — — — — 


— 


So that in the preſent Caſe the Sun riſes at 4 hor. 13 min. og ſec. 
32 deg- 43 min. 42 {ec+ 5 to the Northward of the Eaſt point, and 


ſers at 7 hor. 46 min. 5 t ſec. 32 deg- 43 min. 42 ſec 4 to the North» 
ward of the Welt, | 

| Prob. 
. 
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Prob. III. 


The ſame things being ſuppoſed given as before, viz. the diſtance 
of the Path Of the Vertex from the Pole, and the Sun's diſtance from 
the ſame point, to find what will be the Sun's Altitude, when he 
ſhall be removed at the diſtance of Six Hours from the Meridian, and 
upon what Azimuth Circle he will appear. 


Example. 


Let it be required to find at London, in the Latitude of 51 deg. 
32 min. ao ſec · when the Sun is removed at the diſtance of 70 deg. 
20 Min. 49 ſec. from the North Pole, what will be his Altitude 
when he ſhall appear upon the Six a Clock Hour Circle, and what 
Angle the Vertical Circle paſſing thro the Sun that time will form 
with. the Meridian. When the Path of the Vertex arrives at thatCircle 
that cuts the proper Meridian at Right-angles, and paſſes thro the Pole 
P, the Sun then appears to the Obſeryer'to be removed at the diſ- 
tance of Six Hours from the Meridian. Wherefore, . 
1 1. Having drawn the Ecliptic 
=S , the Equinoctial Colure 
De, and at Right-angles to it 
the Solſtitial Colure S e, ſer of 
the half Tangent of the diſtance 
of the two Poles of the Equator 

and Ecliptic ſrom e to P, as in the 
former Caſe. 


2. About the point P at the diſ- 
tance of the Sun from the Pole 70 
deg. 20 min. 49 ſec. , deſcribe 
a ſmall Circle by the 1{tStereographic 
Problem to cut the Ecliptic in ꝙ 
: the Place of the Sun. 

3. Thro the point © and the Pole, draw the Hour Circle SN, 
this will repreſent the proper Meridian, and if thro the Pole point 
P, and at Right-angles to this Meridian, the great Circle : P s be 
drawn, by the 9th Stereographic Problem, it will be the Repreſenta- 


tive of the Six a Clock Hour Circle in this Projection. 1 
4 
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4- If about the Pole P at the diſtance of 38 deg. 28 min. the ſmall 
citcle t s be deſcribed, it will cut the Six a Clock Hour Circle be- 
fore deſcribed in the points s and t, at either ot which Places when 
the point repreſenting London arrives, it will ſee the Sun removed at 
the diſtance of Six Hours from the Meridian. Wherefore, 

5. It through the point © and the points s and t, the two Verti- 
cal Circles Ot Nand G Njbe drawn, we ſhall have the Arches 
@ 5 and St for the diſtance of the Sun from the Vertex, or Com- 
plement of his Altitude at each of thoſe times, and the Angles P 
© or Pt © for the. Azimuth of the Sun from the Meridian at the 
ſame time, each of which may be meaſured by the known Laws of 
Sereographic Projection, and to find each of them by Calculation, 

In the Spherical Triangle © P s or © P, Right-angled at P are gi- 
ven in each, Ps equal to P: the Complement of the Latitude of 
the Place, OP common, equal to the diſtance of the Sun from 
the Pole, whence to find out firſt, © 5 the diſtance of the Sun from 
the Zenith, it will be by the 1/ Caſe of Rizht-angled, &c 

As the R: cs, PS: : cs, PS: cs, s; that is, 
As the Radius = _— 10-0009000- 


6 _ 


— 


To the Co fine of the Sun' 8 diſtance from the Pole? 9.5267557 


70.20.493 
So is the Sine of the Latitude 71 32 00 — ——9.9;7452 


To the Sine of the Height at that rime 15.16,042 


9.4205009 
2. To find the Angle 2, O, it t will be by the 24 Caſe of Right 
angled, &c. | 
As S. Put R. t, 50 t, Pu O. That is, 


As the Co- ſine of the Latitude 3 1.3 2.00 —— 9.79383 17 


wy the erer Suns T 0 ————ů — '0.0000000- 
is the Tangent of the Sun's diſtance from the Pole 
70.20.49 — et — = 1044471783, 


To the Tang of che Aim from the Meridian 77.28 29 9.653346 


— —— 4 
— 
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Whence it appears that at Six a Clock in the Morning, the Sun 
will appear 77 deg. 28 min. 29 ſec, to the Eaſtward of the South, 
and 12 deg- 31 min. 31 ſec. to the Southward of the Weſt, at Sir 
a Clock in the Afternoon, at each of which times he will be diſtant 
from the Vertex 74 deg- 43 min. 56 ſec- 


Prob; IV. 


The diſtances of the Sun and the Vertex of any Place from the 
ſame Pole being given, to find at what time of the Day the Sun wil 
appear due Eaſt or due Weſt ; and what will be his diſtance from 
the Vertex at that time. 1 


Example. 


In the Latitude of 51,deg- 32 min. oo ſec. North, when the dil. 
tance of the Sun from the North Pole ſhall be found to be 70 dey. 
20 min. 49 ſec. 3, let it be required to fivd at what time of the Day 
the Sun will appear due Eaſt or due Weſt, and what will be his di- 
ſtance from the Zenith at that time- 
n | The Solution Stereographically. 

1. Having drawn. the Ecliptic 
= SY, the Equinoctial and 
Solſtitial Colures = Y, , and 
found the point P, the Place ot the 
Pole as in the former Problem, about 
the Pole point Y, draw two ſmall 
Circles, one at the diſtance of 38 
deg. 28 min. to repreſent the Path 
of the Vertex of London, the other 
at the diſtance of 70 deg. 20 min. 
49 ſec · 3, the diſtance of the Sun 
trom the Pole, in order to find © 
the Place of the Sun in the Ecliptic, 
; | as in the two former Problems. 
2. Thro the point © draw the Diameter © N, and at Right- 
angles to it the Diameter He O. Now inaſmuch as when any Place 
ſuppcſe London, arrives in ſuch a part of the Path as that the Me- 
ridian ſhall cut the Vertical Circle at that time, paſſing thro the Sun 

at 
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at Right-angles, the Sun will then appear due E. or W. to the Ob- 
erer thus ſcituated, wherefore if about the point P at the diſt. of 5 1d. 

2 min. oo ſec. a ſmall Circle be deſcribed, it will cut the Horizon 
of the Disk in the point & the Pole of the Vertical Circle to be drawn, 
and if thro this point & and the Pole P an Hour Circle be drawn, 
it will cut the Vertical Circle before drawn in the point Z, the Place 
of the Zenith at that time, -and conſequently Z © will be the Zenith 
diſtance, as will the Angle Z P © be the Hour from Noon when this 
Appearance will happen, each of which may be meaſured by the 
known Laws of Stereographic Projection, and to determine their juſt 
Quantities by Calculation; in the Spherical Triangles GZ Right- 
angled at Z are given, © P the diſtance of the Sun from the Pole, 
p Z the Semi-diameter of the Path, whence to find © Z the diſt- 
ance of the Sun from the Vertex at chat time, it wil! be by the 14th 
Caſe of Right-angled Spherical Triangles, 


As cs, LP: R: :cs, PO: es, Z O. That is, 
As the Sine of the Latitude 51-32 — —9.8937452 


— —  — 


IO0-00000G0O., 


To the Radius — — —-— 
So is the Co- ſine of the Sun's diſtance from the Pole ä 
70 20.49 — ä 95267557 


— — — 


To the Co- ſine of the Zenith - diſtance 64˙3 3.404— — 9.633010 


— ——Jb— 4 


2 To find the Angle © P Z the time from Noon, it will be by 
the 24 Caſe of Right-angled Spherical Triangles, 


As ct, ZP:ct,P©::R: cs, COP Z. That is, 
As the Tangent ot the Latitude 51.2 — — - 100999135 


To the Co- tangent of the Sun's diſtance & 70.20.49; —9 552827 
So is the Radius — I10-0000000 


— — — 


To the Co- ſine of the Angle © PZ 73.3 1.31 — 9 4529082 


Equal in time to 04 hor. 54 min. os ſec. whence it is manifeſt, 
that the Sun will appear due Eaſt at 7 hor. 3 min- 54 ſec. in the 
Morning, and due Weſt at 04 hor. 54 min. 06 ſec in the After- 
noon ; at each ot which times he will be removed at the Diſtance of 
64 deg 33 min 40 ſec, from the Vertex. DN 

ro 
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Prob. V. 


Let us now ſuppoſe the Earth to be in Libra, viewing the Sun in 
the oppoſite point Aries, in this Poſition the Sun will appear in the 
Equator, or at aQuadrantal diſtance trom thePole, and let it be requi- 
red to ſind how far the Sun will appear from the Zenith of London, at 
half an Hour paſt Three in the Afternoon, and what will be the Angle 
which the Vertical Circle at that time paſſing thro the Sun forms 
with the Meridian. | 


The Stereographic Solution. 


1. Having drawn the Ecliptic 
S, the two Colures S e 
and S e , and the Path of the 
Vertex as in the former Problem, 
thro the Pole P and the Sun © in 
the firſt point of Aries at Y, draw 
the great Circle © P =, this will 
repreſent the proper Meridian ; and 
if thro the ſame point P the Hour 
Circle Px be drawn, forming an 
Angle of 52 deg 3o min. equal to 
3 h. 30 m. in time, with the proper 
Meridian = PV, by the 9th Ke- 

| veographic Problem, where this in- 
terlects the Path of the Vertex as in Z, it will give the Place of 
London at that time. Wherefore, | 

If thro © the Sun and this point Z, a Vertical Circle as 22G 
be drawn, the Arch Z © the diſtance of the Sun from the Vertex, 
and the Angle P Z © theAngle that the Vertical Circle at that time 
paſſing thro the Sun forms with the Meridian, may be meaſured by 
the known Laws of Stereographic Projection, and to find the ſame by 
Calculation, in the Spherical Triangle Py Z Right-angled at rare 
given, P Z the Semidiameter of the Path, and the Angle Z Pr the 
Complement of the Hour from Noon; whence to find firſt, Zr 
the Sun's Altitude, or the Complement of the Zenith-diſtance, it 
will be by the 5% Caſe of Right angled Spherical Triangles, 


As 


n 
& 


— 


— YS APD 
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As R: S. PZ: : S. Z Pyr: S. Z r. That is, 


As the Radius ....  10,0000000 
To the Co- ſine of the Latitude 5 1.3 2.00 — 97538317 


So is the Co- ſine ot the Hour from Noon 52.300 —9. 7844471 


— — 


To the Co- ſine of the Zenith · diſtance 67.44.5142 —3.5782788 


— — 


2. To find the Angle PZ r the Azimuth, it will be, by the 3d 
Caſe of Right angled Spherical Triangles, | 
As R: cs, Z P: : t, Z Pr: c t, PZ r. That is, 
As the Radius — — — — 19.0000000 
To the Sine of the Latitude 51-32'00—— — 9.8937452 
So is the Co-tangent of the Hour from Noon 52-30 — 9. 8849805 


— 


To the Co- tangent of the Azim. at that time 59.0010 9. 7787257 


Whence it appears that at half an Hour paſt Three, the Sun ap- 
pears South 59 deg oo min. 10 ec, Weſt, at the diſtance of 67 deg. 
44 min, 51 ſec. fromthe Zenith. ” 


Problem VI. 


TheEarth being in any point of her Orb, let it be required to find 
at what diſtance from the Vertexz and upon what Azimuth the Sun 
will appear at any given time, and at any given Place. 


Example. 


* 


Let us now ſuppoſe the Earth to be in 27 deg. 33 min. 57 ſec. 
of Scorpio, when the Sun according to the firſt Problem, will be ſeen 
at the diſtance of 70 deg. 20 min. 49 ſec.* from the Pole, and let 
it be required to find at what diſtance the Sun will appear from the 


Vertex of London, at half an Hour paſt Eight in the Morning, and 


what will be the Angle that the Vertical Circle at that time paſſing 


thro the Sun, forms with the Meridian, 
Gggg * The 
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The Solution Stereographically. 


1. Having drawn the Ecliptic 

= SY, the EquinoGial Co- 

G lure S e, the Solftirial Colure 

Sey, and the Path of the Vertex 

about the point P, after the manner 

ſhewn in the former Problem, thro the 

ſame point P draw the Hou Circle 

PZ, forming an Angle Z P ©, with 

the proper Meridian ON, drawn 

2 0 thro the Sun O, and the Pole P, 

; of 52 deg. 30 min- equal to the 

N Ty Hour from Noon reduced into time, 

where this great Circle interſects 

the Path of the Vertex as in the 

point Z, it gives the Place of the 

Zenith of London at that time; wherefore if thro this point Z and 

the point ©, a Vertical or Azimuth Circle as © Z be drawn, the 

Arch of it O2, intercepted between © and Z, will be equal to 

the diſtance of the Vertex of London from the Sun at that time, and 

the Angle © Z P will be the Azimuth at that time, each of which 

may be meaſured by the Rules laid down in Section the 2d, of Part 
the 5th, and to determine their Values by Calculation, 

In the Spherical Triangle P © Z we have given, Þ © the Sun's 
diſtance from the North Pole, P Z the diſtance of the Vertex of 
London from the ſame Pole, and the Angle CP Z the Hour from 
Noon, whence to find 1ſt, ſuppole © Z P, the Azimuth from the 
Meridian, it will be by the 4th Axiom of Spherical Trigonometry de- 
monſtrated in Page 133d of Volume the 24, 

As the S. of half the Sum of the diſtances of the Sun 

and the Path from the Pole 5424-244 —— 


kg 
N 


9.9101815 


—— — . — 


To the Sine of half their Difference 15 56-24p—— 94387535 
So is the Co-tang of half the Hour from Noon 26-15 10. 3970250 
To the Tangent of a fourth Arch 34.24 19.— — 98355979 


—— . — 


— 


And 


5 And again, 3 
As the Co- ſine of half the Sum, Cc 54.24.244 ——=9.7649423 


To the Co: ſine of half the difference 15.56.2434 ———9.9829715 
So is the Co-tangent of half the Hour 26. 15· oo —10 3070250 


To the Tangent of a ſeventh Arch 73.22-464———=10.5250542 
Now if to the 7th Arch 73 deg. 22 min. 46 ſec 5, be added the 
4th Arch 34 deg. 24 min. 19 ſec +, the Sum 107 deg. 47 min. 06 
ſec will be che Azimuth counted from the Northern part of the Me- 
ridian; but being taken from 180 deg. oo min. oo ſec. will leave 
72 deg. 12 min. 54 ſec for the Azimuth from the Southern part of 
the Meridian. Again, | 

If from the 7th Arch 73 deg- 22 min. 46 ſec- , be taken the 4th 
Arch 34 deg. 24 min. 19 ſec. 3, the Remainder 38 deg. 58 min. 
27 ſec. will be the Angle formed at the Sun by the Vertical and 
Horary Circle, which Angle is uſually called the Angle of Poſition, 
whence to find the diſtance of the Sun from the Vertex it will be, by 
the 2d Caſe of Oblique-angled Spherical Triangles, 

As theS PZ O: S. CZ O: :S, PO: S. Z O. That is, 
As the Sine of the Azimuth 72.12.54 —— — 9.97873 25 


To the Sine of the Hour from Noon 52.32 00 — 9-89946 67 
So is the S. of the Sun's diſt, from the Pole 70. 20 494 9.9739342 


To the Sine of his diſtance from the Vertex 51 41-i 2#—9.8946684 


Whence it is manifeſt, that at half an Hour paſt Eight in the Morn- 
ing, the Sun appears at the diſtance 5r deg. 41 min 13 ſec. # from 
the Vertex, when his Azimuth is South 72 deg 12 min. 54 ſec. 


Eaſt, 
But if inſtead of the Hour of the Day, the diſtance of the Sun from 


the Vertex had been given, chat is, in 


Caſe II. Of Prob, VI. 


Suppoſe it were required to find at what Hour in the Afternoon, 
and on what Azimuth the Sun will appear at London on the 7th of 
May 1720; (when the Earth views the Sun in 27 deg 33 min. 57 

Gg gg 2 * ſec. 
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ſec. of Taurus) at which time the Sun is diſtant from the North Pole 
70 deg. 20 min. 49 ſec: 5, and when the diſtance of the Sun from the 
Vertex ſhall be found by Obſervation to be 51 deg. 41 min. 13 fc 2; 
The Stereographic Solution. 
6 1: Having drawn the Ecliptic 
FSS, the twoColures Yet 
and Se, the Path of the Vertex 
Z I u, the proper Meridian SPN, 
according to the former Directions 
about the point & as a Pole, de- 
ſcribe a ſmall Circle at the diſtance 
of 7o deg. 20min. 49ſec to interſe& 
the Weſtern part of the Path of the 
Vertex in Z the Place of the Ze- 
nith at that time, wherefore if 
thro this point Z and the Pole P, 
an Hour Circle as Z P be drawn, 
we ſhall have formed the Angle 
Z P O equal to the Hour from Noon, and the Angle PZ © equal 
to the Azimuth from the Meridian, each of which may be meaſured 
by the 10th Stereographic Problem: and to find their Value by Cal - 
culation, | 
In the Oblique angled Spherical Triangle Z P © we have given, 
2 P 38 deg. 28 min, oo ſec- the diſtance of the Vertex from the 
Pole, PO 70 deg: 20 min. 49 ſec.à; the diſtance of the Sun from the 
ſame Pole, and Z © 51 deg. 41 min. 13 ſec. 3, the diſtance of the 
Sun from the Vertex at the time of the Obſervation ; whence to find 
firſt, the Hour from Noon, it will be by the 11th Caſe of Oblique- 
angled Spherical I riangles, - 


As the Radius — — {00000 


— _ 


To the S. of the Diſtance of the Path from the Pole 38.28 9.79383 17 
So is the 8. of the Sun's Diſt. from the Pole 70. 20.494—9.973 9342 


To a fourth Sine ——— — 9.7677659 


„ _—_— GRO — — 


- — 


- 


As 
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As the fourth Sine Ä⁊ͥ⁊ç·:—ũftä.—rß5,DLc—— 9 7677659 
To the Sine of half the Sum of the diſtances of the Sun 8 
and the Pole from the Vertex, and the Diſtance af 9.9936845 
the Vertex from the Pole 80.15.0142 
So is the Sine of the Difference between the half 
Sum and the Diſtance of the Sun from the Vers 9:6795455 


tex 28.3 3.472 — 


To a ſeventh Sine: 9.054641 


To which if you add the Radius 10:000000, half the Sum 
19 9054641, will be 9.95273 20, the Co- ſine of 26 deg. 14 min. 59 
ſec. which being doubled will give 52.29.58 equal in time to; hor. 
zo min oo ſec: the Hour from Noon, whence to find the Azimuth 
from the Meridian, it will be by the 1/2 Caſe of Oblique-angled Sphe- 
rical Triangles, | 

As 8. Z O: S. PO: : S. CZ PO: S. PZ S. That is, 
As the S. of the Sun's Diſt from the Vertex 51.41.13: 9.894668 


To the S. of the Sun's diſtance from the Pole 70.20.4941 9,9739342 
So is the Sine of the Hour from Noon 5 2-29.58 — 98994635 


— — — — 


To the Sine of the Azimuth from the Merid. 72.12.50 —9.9787291 


So that on the 7:h of May 1720, when the diſtance of the Sun 
by Obſervation was found to be 51 deg. 41 min. x 3 ſec. , the Hour 
at that time was 3 hor. 30 min. oo ſec. in the Afternoon, at which 
time the Sun appeared upon the Weſt South Weſt half Weſt Azimuth 
nearly. 

T A ſmallneſs of the Compaſs allowed me in this Place, as well 
as the Obligations I lye under, of enlarging upon thisSubject on ano- 
ther Occaſion, have obliged me to put an End to this Section, being 
at the ſame time well aſſured, that he that underſtands what has 
been ſaid, and is Maſter of the 5th Part of this Work, will readily 
give an anſwer to any one of the great Variety of Problems that a- 
riſe upon this Head. | 

The Hypotheſis of - the Earths Motion, upon which theſe So- 
lutions are built, as it is undoubtedly the moſt ancient, ſo it is 


certainly the rational and moſt agreeable to Reaſon and —_ 
| an 
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and as ſuch has been receiv'd and approv'd of, by the moſt eminent ang 
$killfal Aſtronomers of all Times, but more eſpecially of the latter; fo 
who is he that can compare the Sun with our Earth, and find him tg 
be a Million of times bigger in Magnitude, and knows at the ſame time 
that every fixed Star is at leaſt as big as the Sun, and ſome probably 
bigger, who that conſiders the immenſe Diſtance of the neareſt fixed 
Star, which is ſo great, (as I have already mentioned) that the Circe 
incloſed by the great Orb in which the Earth moves (and whole 
Diameter is equal in Length to Twenty Thouſand Diameters of our 
Earth, the Diameter of the Earth being about Four Thouſand Englif 
Miles) is but as the Center of that Orb in which the neareſt Fixed Stat 
is placed, who I ſay that duely weighs theſe things can conceive, with 
what an incredible Degree ot Velocity ſuch an almoſt infinite Num- 
ber of glorious Bodies, (ſome of which, if not all, have probably 
Worlus attending them) mult move. to be carried about our littieTcr- 
raqueous Globe in the Space of 24 Hours, to anſwer no other End 
or Purpole, as appears at preſent, than to gratitye the Humour and 
Fancy of whymlical and prejudiced Perſons ? Or who can imagine 
that the Great and Wiſe Architect who made the Univerſe and all 
tl at therein is contained, ſhould contrive Epicicles or little Circles, 
for the Planets to move in, to produce the retrograde Motions 
which they appear to have, when whatſoever is to be perform- 
ed by them, might much more eafily be effected by one con- 
tinual progreſſive Motion in a ſimple Line; as was firſt diſco- 
vered by the learned Kepler, from his own and the Obſeryations 
of the tamous Iycho Brahe, and has ſince been confirmed by tne 
concurrent and manifold Obſervations of the beſt Aftronomer, as well 
as irom the Eſtabliſned Laws of Motion: And as this Hypotheſis is daily 
more and more confirmed by the frequent Diſcoveries that are made 
in the Heavens, there is little room left to doubt of its Certainty, and 
that in Time it will be uriverſally received. 
As the firſt Impreſſions made upon the Mind of Man are common- 
ly the ſtrongeſt and hardeſt to be erazed, ſo Perſons that have all a- 
long uſed themſelves to confider theEarth as fixed and quieſcent in the 
Center ot the Univerſe, and the Sun conſtantly to move, are brought 
with great Difficulty to chink the quite contrary Way: Ard inaſ- 
much as the Solution of all Problems are done with as great Eaſe by 
this true Hypothefis as by the Prolomaic it ſelf, T have often wondered 
with my ſelf, conſidering /the Advantage of having our firſt No 


tion 
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tions rightly ſettled, eſpecially ſince almoſt all Mankind agree 
in the Motion of the Earth, that we are ſtill obliged accord- 
ing to Cuſtom, to Write and Inſtruct according to the Prolo- 
maic Hypotheſis, when if People whoſe Buſineſs it is to teach others, 
would but once agree among themſelves, it would ſoon univerſally 
ſpread, and Perſons thus Inftructed would be ſaved the trouble of 
unlearning what they have once taken ſome Pains to obtain. 


RN W e W 8. e 8. 
Section XXIII. 
Of the Uſe of the Globes. 


Globe in the Language of the Geometers, is a round Solid 


ameter, remaining fixed until it retu;n to the Pace again from whence 
ic began to move, by which means it comes to paſs that that point 
which was before in the middle of the Diameter, ard was the Center 
of the generating Circle, becomes now the Center of the Globe it 
ſelf, as being equally diſtant from every point in the generated Sur- 
face. N 

This Artificial Spherical Body from the exact Similitude that it 
has to our Ball of Earth, as has been proved from manifo!d Obſer— 
rations, and particularly from the Obſervations made of Ecliples 
has been pitched-upon and choſen by Geographers, as the fitteſt and 
propereſt Inſtrument to delineate upon its outward Surface, the ex- 
ternal Appearance of this our Globe, ſo that the Terreſtrial Globe 
is an Artificial Repreſentation of this our Terraqueous Globe, up- 
on whole Convex Superticies the form of this our habitable World 
is depicted, and all the Parts of the Earth and Sea are deſctibed in 
their natural Form, Order, Diſtance and Scituation. 

And becauſe the Cœleſtial Bodies appear to us as if they were all 
placed inthe ſame Concave Sphere, Aſtronomers have likewiſe made 
Uſe of the external Surface of the Globe, to lay down the Stars up- 
on, in their juſt and due Poſition andDiſtance, and according to their 


ſeveral Magnitudes. So that 3 
| | N 


Body, formed by the Rotation ot a Semicircle about its Di- 
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As the Terreſirial Globe is an Artificial Repreſentation of the Sur- 
face of this our Terraqueous Globe, as it would appear to us if placed 
at a convenient Diſtance without it, and we could either be con- 
veyed round it, or view it revolving about its own Axis. So 

The Cœleſtial Globe is an Artificial and lively Repreſentation of 
the Starry Heaven, ſuppoſing our ſelves placed in the Center and 
the Globe to be tranſparent, as it appears to us when placed upon 
the Convex Surface of our Earth, and which conſidering its infinite 
ſmallneſs, with regard to the unmeaſureable Diſtance of the Fixed 
Stars, may be conſidered as the Center of the Univerſe. 

And as the Geographers for the ready Diſtinction of Places, have 
divided the Surface of the Earth into ſeveral Parts, ſuch as Europe, 
Ala, &c and theſe being divided again into Empires, Kingdoms, &c. 
ſo the Aſtronomers that they may the better diſtinguiſh the Fixed 
Stars one trom another, have in like manner divided them into ſeveral 
Afteriſms or Conſtellations, each ot which contain a Syſtem of ſeveral 
Stars that are ſeen in the Heavens near to one another, and have re- 
duced theſe Conſtellations (the better to give each Star a particular 
Name, and to retain it, afterwards in Memory) into the Forms of 
certain Animals, ſuch as Bulls, Bears, Lyons, Men, &c. or into the 
Images of Things known to us, as of a Crown, a Harp, &c. 
which were eſteemed by the Ancients upon Religious and Civil Ac- 
counts, and are ſtil! retained by the Modern Aſtronomers, to avoid 
that Confuſion which would neceſlarily follow, in comparing their 
Obſervations with thoſe that were formerly made. 

And as the Ancient A Eronomers for theſe Reaſons, very judicoufly 
encloſed almoſt all the Fixed Stars that were known to them, in a- 
bout Forty- eight Conſtellations, fo their Succeſſors with equal Right 
when by their diligent and frequent Obſervations, they had greatly 
increaſed the Number of Stars in their Catalogue, filled up moſt of 
the Caſms with new Conſtellations of their own, and which are {till 
retained with great Advantage to the Obſervators. 

Hence it appears, thatGlobes are not only the moſt proper Con- 
trivances for accounting for all the heavenly Appearances ariſing from 
the diurnal and annnual Motion of the Sun, or the Rotation of the 
Earth about her own Axis; but the nobleſt Inſtrument as well for in- 
forming the Mind, and giving it the cleareſt and moſt diſtin& Idea 
of the thing propoſed to be done, as for giving of Solutions to all 
Problems reſulting from it ; and it is from a Contemplation of theſe 
Bodies and their ſeveral Appendages, (which will be explained here- 
| : after) 
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after) that Aftronomers have diſcovered ſo man y excellent Methods fot 
the more eaſy and exact Solution of the ſeveral Aſtronomical, Geo- 
graphical, &c. Propofitions, whence it mult be allowed, that to have a 


perfect Knowledge ot them is one of the ſureſt and beſt Foundations 


that can be laid, by any one who would underſtand Aſtronomy, Geo- 
graph, Navigation, and their dependent Sciences, 

Now in order to lay down the Places of the Stars upon the Globe 
in their due Scituation and Order as well as to transfer the ſeve- 


ral Diviſions of the Earth, and to deſcribe on the Terreſtial Globe, 


the irregular Terminations of Land and Sea, it was abſolutely ne- 
ceflary to have ſome fixed or certain Points, and conſequently Lines 
to begin to count or meaſure from; and this put Mankind upon 
contriving thoſe ſeveral Circles that are deſcribed upon the Surface 
of the Globes, which have their Names given to them, ſome 
according to the Uſes for which they are deſigned, and others upon 
the Account of thoſe Places that they are ſuppoſed to poſſeſs; which 
Circles the Reader ought to be very well acquainted with, and of 
which he will meet with a full Account in the iſt Section of the 5th 
Part, to which I refer him; and ſhall therefore proceed to give 
an Account of ſuch Appurtenances belonging to the Globes, as have 
not hitherto been taken Notice of: And, | 

1. The Horizon (defined in Sction the 1/Þof Part the 515) is 
that great broad Circle that divides the Globe into two equal Parts, 
termed the upper and lower Hemiſpheres. 

This Circle is diſtinguiſhed into two Kinds, the one is called the 
Senſible or Natural Horizon, and is that Circle that Bounds the ut- 
molt Proſpect of our Sight, when we view the Heavens round from 
any Part of the Surface of theEarth orSea, the other is called the True 
or Mathematical Herizon, to _u all Aſtronomical Calculations refer, 
and which obtains only in the Mind, and ſuppoſcs the Eye to be placed 
in the very Center ot the Earth, beholding half of the intire Fitmament 
at one View ; which is repreſented by the uppermoſt Surface of 
that broad Wooden Circle upon the upper Surface of the Frame in 
which the Globe is fixed, having two Notches, the one in the North, 
the other in the South part of it, for the brazen Meridian hereafter 


to be deſcribed, to ſtand in. | 
And as the Globe is made to ſlide up and down in theſe Notches, 


this Circle is of great Uſe in determining the Times of the Riſing 


and Setting of the Sun or Stars, and their conrinuance above the 
Horizon ; in ſhewing us * A of, the Increaſe and 
| h h * Q 


- _ . — - . bag . n_—__ 8 . ws 
TS r 


—— 


2 — ” i” „ „„ * 
— — - 


596 Of the Uſe of the Globes. 


ot the Length of the Day and Night, Cc. in all Places upon the 
Earth by Inſpection. Upon this broad Horizon are deſcribed ſeveral 
other ſmall Circles. em 51 25 

The firſt or innermoſt contains the Twelve Signs of the Zodiac, 
each Sign being equal to 30 Degrees. 0+ 08 wo 

In the ſecond they are diſtinguiſhed by their proper Names, Marks, 
or Characters. The third contains the Days and Months of the 
Year, diſpoſed of according to the Old Stile or Juliau Account, fo 
called from Julius Ceſar the firſt Inventer, with the Times when 
the Principal fixed Feaſts or Faſts are to be celebrated. 

The fourth contains the Gregorian Kalendar according to the New 
Stile or Foreign Account, inſtituted by Pope Gregory the 13th, who 
flouriſhed about the latter End of the 16th Century. 

The fifth or outermoſt Circle contains the points of theCompaſs, 
with the Names of the Winds, as they are called by our Seamen. 
The next Great Circle is the Meridian, (deſcribed in Sion the 
1ft of Part the 5th) and is repreſented by the brazen Frame or Cir- 
cle to which the Globe is fixed, by the two Wires which repreſent 
the two Poles of the World, or the two Extremities of the Axis in 
which the Globe hangs ; within which it turns dividing theGlobe 
into two equal Parts called the Eaſtern and Weſtern Hemiſpheres, 
and from its being made of Braſs it is uſually termed the Brazen Me- 
ridian. This Circle is divided into tour 90 Degrees anſwering to 
360 Degrees, the intire Circumference of every Circle, two of which 
commence at the Equator and increaſe towards each Pole, in order 
to ſhew the Declination of the Sun or Stars on the Cœleſtial Globe, 
and the Latitudes of Places on the Terreſtrial Globe; and the other 
two go Degrees commence at either Pole and increaſe toward the 
Equator for the more eaſy and ready adjuſting of the Globe to the 
Latitude of any particularPlace, for as theGlobe hangs in the Meri- 
dian, and this is madeto ſlide eaſily thro the Notches made in the N. 
and S. points of the Horizon, it is very eaſy to elevate or depreſs either 
Pole of the Globe, ſo as that it ſhall ſtand at any particular Elevation. 
And as the Globe is made to turn within this Circle upon the 
two Extremities of the Axis, called the two Poles, this brazen Me- 
ridian may be made to reprefent the Meridian of any Place upon 
the Terreſtrial Globe, or a Circle of Right Aſcenſion, to any point 
whatſoever upon the Cœleſtial Globe, and is of great Uſe in the 
Solution of all Problems relating to either Globe; as will appear in 
the Sequel of this Diſcourſe. 2 
e 
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The next great Circle is the Equinoctial, as it is called on the 
Caleſtial Globe, or the Equator on the Terreſtrial (defcribed int: 
the 1/7 of Part the 5th) and divides the Globe into two equalParts, 
called the Northern and Southern Hemiſpheres ; this- Circle 4s of 
Uſe in determining the Right Aſcenſion of the Sun or Stars on the 
Caleſtial Globe, and the Longirudes of Places on the Terreſtrial ; 
and 1s that Circle from whence the Declination of the Sun or Star 

and the Latitude of Places take their Commencement. 43 

The next great Circle is the Ecliptic; divided into Twelve Signs 
and each Sign into 30 Degrees (as has been explained in the 1/7 S. 
of Part the 5th) dividing the Globe into two equal Parts, called 
the Northern and Southern Hemiſpheres, with regard to the Lati- 
tudes of the fixed Stars and Planets, | 

The- Sun in his annual Motion according to Prolomy, paſles thro 
the Ecliptic, and if we add to it a broadSpace of about 8 Degrees on 
each (ide, we ſhall have the Zodiac; in which are the Twelve Aſte- 
riſms, the moſt of which having the likeneſs of ſome living Creature, 
was the Occaſion of giving it this Name; and inaſmuch as the great- 
eſt Latitude ot any of the Planers never amounts to 8 Degrees, the 
Motion of the Moon as well as of the reſt of the Planets, will always 
be performed in this Space. 

The Quadrant of Altitude, 1s a narrow thin Plate of pliable Braſs, 
exactly anſwering to one fourth Part of the Meridian, and divided 
into 90 deg. oo min. having a Notch, Nut and Screw at one End, 
to faſten it ro the Zenith in the Meridian, and being thus fixed, and 
turning round upon a imall pevit, it ſupplies the Place of an infinite 
Number of Vertical Circles, and is very uſeful in determining the Al- 
titudes and Azimuths of the Cceleſtial Bodies, and in finding the 
Times, Cc. 

The Hour Circle is a flat Ring of Braſs, ſo contrived that it may 
be taken off and fixed about either Pole of the Globe, and when ir 
is ſo faſtened to the brazen Meridian, the Pole becomes its Center, 
and to that End ot the Axis there is fixed an Index, that turns round 
as the Globe it felf is turned round, and points out upon the Ho- 
rary Circle the Hour given or required, for this Horary Circle being 
the Repreſcntative of the Equator, which is carried about in 
one Day on its upper Surface are inſcribed the 24 Hours of the 
Natural Day, at equal Diſtances from one another; the 12th 
Hour next towards the Zenith repreſenting 12 at Noon, and the o- 


ther neareſt to the Nadir repreſenting 1 2 at Night; and the Hours 
H h h h 2 * on 
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on the Eaſtern ſide repreſenting the Morning Hours, and thoſe on the 
Weſtern- ſide repreſenting the Afternoon Hours; each Hour anſwerin 
to, or correſponding with 15 degrees of the great Equinoctial, and is 
placed there for no other Reaſon, but to ſave the trouble of reducing 
the Degrees ot the Equinoctial into time; and the contrary, 
The Semicircle of Poſition, which is rarely or ever affixed to 
the Globe, is a narrow thin Plate of Braſs exactly anſwering to 
one half of the Horizon, divided into 180 Degrees, and uſually af- 
fixed to the North and South Ends of the Horizon or Meridian, and 
is of Uſe in marking out the Cuſps of the Twelve Houſes as they are 
uſually called, in meaſuring the Diſtances between any two Places 
upon the Surface of the Earth, or any two Stars upon the Cœleſtial 
Globe, and may ſerve for a double Quadrant of Altitude, &c. And 
laſtly, if a Mariners Compaſs duly touched with a Loadftone, be fixed 
ur on the Pediment or Wooden Frame which contains the Globe, or 
in ſome parc of the broad Wooden Horizon ; ſo that the true Meridian 
of the Compaſs may lie exactly parallel to the Plane of the Brazen 
Meridian, the Globes are prepared for any Uſe to which they may 
be applied to; and ready for the Solutions of all Problems that can be 
propoſed relating to tem. - | 

And inaſmuch as Problems of this Kind are in a manner innumera- 
ble, I fhal! ſelect out ſuch only, as the narrowneſs of the Compaſs 
to which 1 am confined will allow me, and which are more imme: 
diately applicable to my preſent Deſign. 

As the Degrees of Exactneſs to which Queſtions may be anſwer- 
ed, is in Proportion to the largeneſs and goodneſs of the Globes, 
and the Care taken in the Operation, I ſhall give the Anſwers to 
Minutes, and leave the Practitioner to try how near he can approach 


to them. 
Problem T. 


To find the Latitude of any given Place upon the Earth. 
* Tnaſmuchas the Latitude of any Place, is equal to che neareſt Di- 
ſtance of that Place from the Equator, meaſured by an Arch of the 
Meridian paſling thro the given Place, and intercepted between it 
and the Equator. | | 
Turn the Globe about, till the given Place lye exactly under the 
Eaſtern fide of the Brazen Meridian, then will the Degrees in the 
Meridian directly over it, ſne the Latitude; which is — 
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if the Place lye in the Northern Hemeſphere, or on the Northern: 
fide of the Equator, but South, if the Place lye in the contrary He- 
miſphere, or on the Southern-ſide. Or, 

Take the neareſt Diſtance of the given Place from the Equator 
with a pair of Compaſles, and apply it to the Equator, or to any 
graduated Circle, and the Degrees of that Circle intercepted between 
the points of the Compaſſes will give its Latitude; thus the 
Latirude of Londen will be found to be 51 deg. 32 min. North, 
of Rome 41 deg. 51 min. North, of the Lizard 50 deg. oo min. 
North, of Barbadoes 13 deg. 30 min. North, and of St. Helena 16 


deg. 03 min. South. 


And inaſmuch as all Places that lye at the ſame Diſtance from the 
Equator, on either Side of the Equator, are ſcituated in the ſame 
Degree of Latitude, if any given Place be brought to the Meridian, 
and after that the Globe be turned about upon its Axis, all Places 
that paſs under the ſame Degree of the Meridian with the gi- 
ven Place, will have the ſame Degree of Latitude, and will have 
the Length of their Days and Nights, and the time of the Riſing 
and Setting of the Sun, the ſame at all times of the Year. 


Prob. II. 


To find the Difference of Latitude between any two given Places. 


The Difference of Latitude between any twoPlaces, is equal to an 
Arch of the Meridian intercepted between the two Places if they are 


{cituated under the fame Meridian, or the Diſtance between the Pa- 


rallels paſſing thro the two Places, if they lye under different Meri- 
dians. Wherefore, 


Bring eacn of the Places propoſed, ſucceſſively to the Brazen Me- 


ridian, and obſerve where they interſe& it, count the Number of 
Degrees of the Meridian contained between the two Interſections, 
and it will be the Difference of Latitude required, Or,. 

If the Places propoſed are both on the ſame ſide of the Equator, 
having firſt found their Latitudes, ſubſtract the leſſer from the great- 
er; but if they are placed on contrary Sides of the Equator, add the 
leſſer to the greater, and the Difference in the firſt Caſe and the Sum 
in the latter Caſe, will give the Diflerence of Latitude required to 
be found. | [115 

Thus the Difference of Latitude between London and Rome will 

be found to be 9 deg- 41 min- between the Lizard and. Barbadoes 3 
deg. 30 min. and between Barbadoes and St. Helena 29 deg, 3 3 


» 
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Prob. III. 


To find the Longitude of any given Place upon the Earth. 
The Longitude of any Place is an Arch of the Equator, intercep. 
ted between the firſt Meridian, and the Meridian paſſing thro the 
Place propoſed. Therefore, | 8 


propoſed. 25 


Hence if the Longitude be reckoned from the Meridian of London, 


to be 353 deg. 32 min 
And becauſe all Places that have the ſame Degree of Longitude, 
lye under the ſame Meridian, it follows, that if any Place be brought 
to the Meridian, all thoſe Places that lye under the ſameSemicircle of 
the Meridian, will have the ſame Longitude ; and all thoſe People 
who inhabit under that part of 1t that is contained or intercepted be- 
tween the Pole and the Horizon, will have their Noon or the Sun 
upon their Meridian, at the {ame point of abſolute Time. 
As the fixing of the firſt Meridian from whence the Longitude of 
Places are reckoned is arbritary, and according to the Humour ot the 
Geographer: Prolomy having placed it at one Degree to the Weſtward of 
the Fortunate or Canary Iſlands, after him, by ſome it was made to pals 
* throSt. Nicholas, one ot the Cape de Verd Hands; by others thro St. 
Jago, by others thro Cor vo, one of the Weſtern INands; by the Dutch 
it was made to paſs thro Teneriff ; by the French thro the middle of 
Faro, the Weſtermoſt of the Canary Hands; and at preſent by every 
Geographer and Hydrographer thro the Capital City of his Country, or 
Principal Headland, and by our Seamen in their Reckoning from the 
Land they laſt;ſaw ; hence: it is that in comparing of the Longitudes of 
Places taken from different Maps or Globes, they will ſeldom or e- 
ver agree, tho the Places are never ſo true laid down; but the Dit- 
ferences of Longitude if they are truly ſcituated upon the Globe or 
Map, will always anſwer one to another ; and chis being the Prin- 
cipal Thing required in all Calculations, it is of no great Moment 
whete the firſt Meridian is placed, which is the Reaſon that Man- 
kind are ſo indifferent about it, tho if they could once agree upon 
a 
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a fixed Place, it would — ſave young Beginners, and Per- 
ſons that are not ſo well acquainted with theſe things as they ought 
to be, a great deal of Trouble; and prevent them from running into 
a great many Inconveniencies and Abſurdities, as they do now for 
want of being better informed, and for whoſe Sakes I judge it neceſſa- 
ry to give this ſhort Account. 


Prob. IV. 


To find the Difference of Longitude between any two Places gi- 
ven upon the Earth. | | 

Bring each of the given Places ſucceſſively to the Meridian, and 
obſerve where the Meridian cuts the Equator each time, count the 
Degrees of the Equator intercepted between the two Places, and 
you have the Difference of Longitcde required. Or, 

Having the Longitude of each of the given Places, ſubſtract the 
lefſer from the greater, and the Remainder will be the Difference ot 
Longitude, if the Longitude be counted on Eaſtwardly till it end where 
it firſt began, but if it be counted on Eaſtwardly and Weſtwardly till 
it end in the oppoſite Meridian, then add or ſubſtract the Longitudes 
of each of the given Places, according as they fall onjrhe ſame or on 
contrary ſides of the Meridian; and their Sum or Difference will be 
the Difference of Longitude. | E 

Thus the Difference of Longitude between London and Rome will 
be found to be 12 deg. 55 min. between the Lizard and Barbadoes 
48 . 50 min. and between Barbadoes and St. Helena 51 deg- 44 
min · Cc. 

By the reverſe of the Method for finding the Latitude and Lon- 
gitude of any Place upon the Globe, may any Place be laid down 
upon the Globe, from its Latitude and Longitude firſt given, by 
bringing the Degree of the Equator anſwering to the Longitude of 
the given Place under the Meridian, and right under the Degree of 
the Meridian anſwering to the given Latitude, will be the Place re- 

ured. 
I And after the ſame manner may any other Place be laid down, and 
the Surface of the Earth or Water be deſcribed. 


Prob. V. 


Let it be required to find the Angle of Poſition between any two 
given Places upon the Earth. By 
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- By the Angle of Poſition is meant an Angle formed by the Me: 
ridian of one Place, and a great Circle paſſing thro the two given 
Places, which is meatured by an Arch of a great Circle deſcribed a- 
bout the Place given as a Pole, at which the Angle is required. 
n 8 Wherefore, | 2 

Having elevated the North Pole of the Globe, if the Place at 
which the Angle of Poſition be required be in North Latitude, but 
the South Pole if the Place propoſed be in South Latitude, to the 
Latitude of the Place firſt given, bring that Place under the Meri- 
dian, over which affix the eee ee and move it about 
till the graduated Edge juſt touches the other Place, then will the 
Arch of the Horizon (in this Caſe) Numbred from the North or 
South poiats of the Horizon, ſhew the Angle of Poſition at che Place 
propoled. | | 

1 hus the Angle of Poſition at the Lizard, between the Lizard 
and Barbadoes will be found to be S. 68 deg. 57 min. Weſt, but the 
Angle of Poſition between the ſame Places at Barbadoes will be North 
38 deg. o5 min. Eaſt; after the ſame manner the Angle ot Poſition 
at Barbadoes, between Barbadoes and St. Helena, will be found to be 
South 61 deg. 36 min. Eaſt, but the Angle of Poſition at St. Hele- 
na, between it and Barbrdoes, will be North 77 deg. oꝗ min. Weſt, 
whence it is manifeſt, that neither of theſe is the true Rhomb-line 
or Point of the Compaſs, leadirg from one Place to the other, or 
according ro which if a Ship ſhape her Courſe in ſailing from one 
Place ſhe will be carried to the other. | 

For inaimuch as the Rumb-lines form equal Angles with every 
Meridian thro which they paſs, conſtantly approaching the Pole 
but never fal ing into it, and therefore becoming Aſymptotes to it, 
it is impoſſible for any one of theſe ro coincide or become a Circle, 
except the North and South Line which is the Meridian it ſelf, and 
the Faſt and Weſt Line under the Equator. And | 

Hence we ſee the Reaſon of that Geographical Paradox, that if 
Bermud us (tor Example) lies due Welt ot the Lizard (as it nearly 
does) for that very Reaſon the Lizard will not lye due Eaſt from 
Bermudus ; for becauſe the Eaſt and Weſt Lines, (and conſequently 
all the other intermediate Rumb-lines between ir gnd the Meridian) 
are dependant upon the Meridian or North and South Lines, and 
always form equal Angles with it; and fince all the Meridians 
(to which the Needle always conforms it ſelf, conſtantly lying in the 
ſame Plane with ic fexcluding the Conſideration of the Variations, 


which 


e. 
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which in the preſent Caſe may be totally neglected) meet in the Poles 
and form Angles with each other in thoſe points, the Eaſt and Weſt 
Lines which form Right- angles with theſe, will meet and interſect 
each other alſo, when continued upon the Surface of the Globe; in- 
aſmuch as they at that time become great Circles in the given points, 
and conſequently that Place which appears due Eaſt in one Meridian 
from a given Place in another Meridian, will be farther diſtant from 
the next Pole than the Place firſt given; and conſequently if we re- 
move to that Place in the ſecond Meridian, that appeared due Eaſt 
from us when ſcituated under the firſt Meridian, the Place under the 
firſt Meridian being nearer to the Pole than the ſecond Place, cannot 
appear due Weſt, but conſiderably nearer to the Northward ; and 
ſo much the more, by how much the Diſtance between the twoPla- 
ces is greater; as will evidently appear to any one who will but be 
at the Pains to draw two Lines to repreſent two Meridian Lines, 
to interſe& each other in a given Point, and to draw two other Lines 
at Right-angles to them, at the ſame Diſtance from the interſection- 
ary Pole whence it is that if we ſail from one Place according 
to the Direction of the Eaſt and Welt Line of the Compaſs, as 
{uppoſe from the Lizard, we ſhall not arrive at Bermudus, which 
appears due Welt from the Tizard, but at another Place, as ſuppoſe 
Penguin on the Coalt of Newfoundland, as far diſtant from the Pole 
as the Lizard was; and after that ſuppoſing we had no Obſtruction, 
we ſhall ſail on, till having made one intire Revolution, we ſhall ar- 
rive at the ſame Place we ſet fail from; always keeping at the ſame 
Diſtance from the Pole, and deſcribing that Path which is repreſent- 
ed upon the Surface of the Globe, by the Parallel of Latitude paſi- 
ſing thro the Lizard or Place firſt given. 

But it the Ship ſail from the Lixard upon any other Rumb, ſhe will 
never arrive at the Lizard again, but will approach nearer and nearcr 
to the North Pole, if the Courſe be Northerly ; but to the South 
Pole, it the Courſe be Southerly ; and never fall into it, accordirg to 
the Direction of the Compaſs, and in order to determine the Place 
of the Ship at any time, and how much ſhe has altered her Latitude 


and Longitude 


I. Turn the Globe about, till the given Rumb cut the Meridian 
in the Latitude of the given Place 

2. From that Interſection in the given Rumb, ſet off upon the gi- 
ven Rumb the Miles ot Diſtance Run, taken off from the Equator. 
3. Bring 
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3- Bring this laſt Place to the Meridian, and the Degree cut of 
by it will ſhew the Latitude the Ship is in, as will the Arch of the 
Equator intercepted between the two points where the Meridians cur 
the Equator in the two different Stations of the Ship, gives the Diffe- 
rence of Longitude the Ship has made, whence the true Place of the 
Ship upon the Globe, may eaſily be found. 

Thus a Ship in ſailing from the Lizard 27 deg 3o min. equal to 
550 Leagues or 1650 Miles upon the South South Weſt half Weſt 
Rumb, will be found to be in the Latitude of 25 deg. 55 min. N. 
and o have altered her Longitude 1004 Miles, or 334+ Leagues, 
equal to 26 deg. 44 min. and after the ſame manner may the Place 
of the Ship be found from any other Courſe and Diſtance, and this 
being well underſtood, it will be eaſy to reſolve any other Nautical 
Problem that can be propoſed by the Globe i: ſell. 


Prob. YI. 


To find the Diſtance between any two Places upon the Earth. 
The neareſt Diſtance of any two Flaces is equal to the Arch of 2 
great Circle, paſſing thro the two Places and intercepted between 
them; wherefore, take the Diſtance between the points of the 
Compaſſes and apply it to the Equator, or to any other great gradu- 
ated Circle, and the Number of Degrees contained or intercepted 
between them, is equal to the Diſtance required. Or, 

It the graduated Edge of a Quadrant of Altitude be applied to the 
two Places, it will give the Number of Degrees of Diſtance between 
them. Or, | | 

Having re&ified the Globe according to the Directions given in the 
Jaſt Prob. for finding the Angle of Poſition, obſerve the Degree in the 

uadrant of Altitude cut by the Place over which it is laid, this ſub- 
ſtracted from 90 Degrees, will leave the Diſtance, which being re- 
duced into Miles, by allowing 60 Miles, c. to a Degree, will 
give the Diſtance in Geographical or Nautical Miles 

Thus the Diſtance between London and Rome will be found to be 
13 deg 10 min. equal to 790 Miles, the Diſtance between the Li- 
zard and Barbadoes 56 deg- 16 min. equal to 3376 Miles, and be- 
tween Barbadoes and St. Helena 59 deg. 04 min. equal to 3544 
Miles And, 

Inaſmuch as the Standard Miles of all Countrys differ more or leſs, 


according to the particular Laws of that Country, Geographers and 
avi- 
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Navigators have agreed upon a Standard Mile, for to pronounce the 
Diſtances between Places by, which is equal co 5: part of the Degree 
of a great Circle, or about 69. Engliſh Miles; and therefore when 
the Reader meets with the Diſtance between two Places, expreſſed in 
Miles in Books of Geography, &c, he muſt form a Conception of 


them after this manner 


Prob. VII. 


The Hour of the Day or Nightat one Place being given, to find 
the correſponding Hour at another Place. Or, 

Becauſe the Difference of the Times is ever equal to the Difference 
of Longitude between the two Places, having found the Difference 
of Longitude between the two Places, reduce it into Time, by 
allowing 15 Degrees to an Hour. Then, | 

If the Place where the Hour required lie to the Eaſtward of the 
Place where the Hour is given, add the Difference of Longitude re- 
duced into Time, but if it lye to the Weſtward, ſubſtra it from 
the _ glyen, and the Sum or Remainder will be the Hour te- 

Ulred. 
i Or having turned the Globe about, till the Place at which the 
Hour is given lye, under the Brazen Meridian, ſet the Index of the 
Hour Circle at the given Hour, then turn the Globe about till the 
Place at which the Hour is required lye under the ſame Meridian, 
then will the Hour Index point out the Hour at the Place required. 

Thus when it is 12 of the Clock at London, it will be found to be 
12 hor. 51 min 40 ſec. at Rome, at the Lizard it will be but x x hor. 
39 min. 04 ſec. at Barbadoes it will be but o8 hor. 07 min. 12 ſec. 
and at St. Heleaa it will be 11 hor. 34 min. 08 ſec 

On the contrary, the Difference at the Times of any two Pla- 
ces being known or given, the Difference of Longicude between the 


two Places is given alſo, 


Prob. VIII. 


Given the Day of the Month, required the Sun's Place in the E- 
cliptic. 

Having found the Day of the Month in the Kalendar upon the 
Horizon, right againſt it you wi. l find the Sign the Sun is in, and the 


Degree of that Sign. 
in 23? Thus 
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Thus on the 1/ of May the Sun will be found to be in 2 1 deg. 51 
min. of Taurus, on the 11th of Auguſt he will be found to be in 29 
deg. 27 min. of Leo, on the 13thof November in'o2 deg- 30 min. of 
Sagittary, and on the 9th of February in oi deg. og min. of Piſces : 

Theſe Places anſwer to the reſpective Days in the Year 1728, as 
the Reader will ſee if he conſult the 2d Volume, and the Reaſon of 
my giving them in Minutes as I ſhall all the following Anſwers, is 
not becauſe it can be ſuppoſed that any one can determine them ſo 
nice by the largeſt Globes, for to Halfs and Quarters of a Degree is 
ſufficient, but that the Practitioner may ſee how near he can ap- 
proach the Truth. | . | 

On the contrary the Sun's Place being given, the correſpondent 
Day of the Month may be found, by finding the given Place upon 
the Wooden Horizon, and ſeeing what Day of the Month ſands a- 
gainſt it, for that will be the Day of the Month required - 


Prob. IX: 


Given the Sun's Place to find his Declination. 

Becauſe the Declination is an Arch of the Meridian contained be- 
tween the Sun and the Equator, which is called Northern Declina- 
tion if the Sun be on the Northern fide of the Equator, but South 
Declination if the Sun be on the Southern ſide of the Equator, 

Having found the Sun's Place in the Ecliptic, bring it to the Eaſt- 
ern fide of the Brazen Meridian, and the Degree in the Meridian 
directly over the Sun's Place, will be his Declination. 

Thus when the Sun is in 21 deg. 51 min. of Taurus, his Decli- 
nation will be found to be 18 deg- 16 min. North, when he is in 
29 deg. 27 min. of Leo it will be 11 deg. 41 min. North, when he 
is in 2 deg. 30 min. of Sagittary it will be 20 deg. 42 min. South, 
and when he is in o deg. og min. of Piſces it will be found to be 
11 deg. o5 min. South. | 

On the contrary by knowing the Quantity of the Declination, 
which way it is, and whether it be increaſing or decreaſing, may 
the Place of the Sun be found, by turning the Globe tillſome point 
of the Ecliptic cuts the given Declination, for that point will ſhew 


the Place of the Sun. 


Prob. 
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Prob. X. 


Giren the Sun's Place to find his Right Aſcenſion. 

Inaſmuch as the Right Aſcenſion, is that point of the Equator- 
that Riſes or Sets with the Sun, in a Right Poſition of the Sphere, 
or ſuch a Poſition where the Poles lye in the Horizon, and the Equi- 
noctial cuts it at Rigut- angles, and conſequently muſt be the ſame. 
Degree that tranſits the Meridian with the Sun. | 

Bring the Suns Place in the Ecliptic to the Meridian, and the De- 
gree of the Equinoctial cut by the Meridian at that time, will give 
the Right Aſcenſion. | 

Thus the Sun being in 21 deg. 51 min. of Taurus, his Right Aſ- 
cenſion will be found ro be 49 deg. 26 min. when he is 29 deg. 27 
min. of Leo it will be 151 deg. 35 min. when he is in 2 deg. 30. 
min of Sagittary it will be 246 deg. 26 min · and when he is in i deg. 
9 min of Piſces it will be found to be 333 deg. 12 min. 

On the contrary, by bringing the Sun's Right Aſcenſion under the 
Brazen Meridian, and counting the Declinarion of the Sun from the 
Equator either Northward or Southward, according as the Caſe re- 
quires, may the Place of the Sun in the Ecliptic be found at any time,. 
from their Right Aſcenſion and Declination firſt given. 


Prob XI. 


Given tlie Day of the Month or the Sun's Place in che Ecliptic, 
together with the Latitude of the Place, to find the Sun's Oblique 
Aſcenſion and Deſcenſion. : 

Becauſe the point of the Equinoctial that aſcends with the Sun in 
an Oblique Poſition of the Sphere, or ſuch a Poſition where the E- 
quinoctial cuts the Horizon at unequal Angles, and which happens. 
to all the Inhabitants, except ſuch as are under the Poles or the E-. 
quator, is called the Qblique Aſcenſion, as the point that deſcends 
with the Sun in the ſame Poſition of rhe Sphere is called the Oblique. 
Deſcen®on. Therefore, 

Having elevated the Pole according to the Latitude of the Place, 
that is, the North Pole if the Place be in North Latitude, but the 
South Pole if the Place be in South Latitude; which is called recti- 
fying the Globe. 

Bring the Place of the Ecliptic (anſwering to the Sun's Place) to 
the Eaſtern fide of che Horizon, the Degree of the Equinoctial = 
* 


-- 


* 
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by the Horizon at that time, will give the Oblique Aſcenfion, and 
it the Globe be turned about till the ſame Degree of the Ecliptic in 
which the Sun is, be cut by the Weſtern ſide of the Horizon, the 
Degree of the Equinoctial cut by the Horizon at that time, will 
give his Oblique Deſcenſion. 

Thus when the Sun isin 21 deg 51 min. of Taurus, his Oblique 
A ſcenſion at London willi be found to be 24 deg. 53 min. and his O- 
blique Deſcenſion 73 deg. 59 min when he is in 29 deg. 27 min. of 
Leo, his Oblique Aſcenſion is 13@deg. 30 min. and his Oblique 
Deſcenfion 166 deg. 40 min. when he is in 2 deg. 30 min. of Sazit- 
tary, his Oblique Aſcenſion is 268 deg. 50 min. and his Oblique 
Deſcenſion 2 2 deg. 02min, and when he is in oi deg. og min. of 
Piſces, his Oblique Aſcenſion will be 347 deg. 28 min. and his O- 
blique Deſcenſion 318 deg, 56 min. | 


Prob. XII- 


Given the Sun's Place in the Ecliptic, or the Day of the Month 
and the Latitude of the Place, to find the Sun's Amplitude. 

Inaſmuch as the Sun's Amplitude is an Arch of the Horizon, in- 
tercepted between the Place where the Sun Riſes and the Eaſt point 
of the Horizon, or between the point where he Sets and the Weſt 
point of the Horizon. 

Having rectify ed the Globe according to the Directions given in 
the laſt / roblem, bring the Sun's Place to the Eaſtern or Weſtern ſide 
of he Horizon, and the Number of Degrees (counted in the Hori- 
zon) between the Place where the Sun Riſes and the Eaſt point of 
the Horizon, or between the Welt point and the point where the 
dun Sets, will give the Amplitude; which is always the ſame way 
with the Declination, as is manifeſt by Inſpection, that is, if 
the Sun be on the Nort'1 fide of the Equinoctial he Riſes or Sets to 
tle Northward of the Eaſt and Welt points of the Horizon, but if 
he be on the Southern ſide of the Equinoctial he Riſes and Sets 
to the douthward of the Eaſt and Weſt points of the Horizon. 

Thus on the 1/ of May when the Sun is in 21 deg. 51 min. of 
Taurus, his Amplitude will be found to be 30 deg. 16 min. North, 
on the 11 of Auguſt when he is in 29deg- 27min. of Leo, his Ampli- 
tude will be 19 deg. oo min. North, on the 13th of November, when 
he is in 2 deg. 30 min. of Sagittary, it will be 34 deg 38 min. South, 

HO | and 
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and on the 9th of February, when he is in 01 deg, 09 min. of Piſces, 
it will be found to be 18 deg, o! min. South. 


Prob- XIII. 


Given the Sun's Place and the Day or̃ the Month, to find the 
Meridian Altitude, or the Meridional Zenith-diſtance. 

Becauſe the Meridional Altitude is the greateſt Altitude or Height 
when he 1s under the Meridian, as his Meridian Zenith-diſtance is 
his leaſt Zenith-diitance, or his Diſtance from the Zenith when he 
is upon the Meridian. | 

Having re&ified the Globe, bring the Sun's Place to the Meridi- 
an, and count the Number of Degrees between the Place of the Sun 
and the Horizon, and it will give the Meridional Altitude, as will 
the Number of Degrees between the Sun and the Zenith, give his 
Meridional Zenith-diſtance, both of which in one Sum muſt make a 
Quadrant or 90 Degrees. 

But if the Declination of the Sun be given, then the Meridionat 
Altitude may be found, by adding the Declination to the Comple- 
ment of the Latitude if they are both North or both South, but if 
one be North and the other South, then by ſubſtracting the Decli- 
nation from the Complement ot the Latitude, and the Sum in the 
firſt Caſe, and the Difference in the latter, will bz the Sun's Me- 
ridional Altitude: 5 

In like manner may the Sun's Meridional Zenith-diſtance be 
Hund, by ſubſtracting the Declination from the Latitude of the 
Place, if the Latitude and Declination are both the fame way, bur 
by adding the Declination to the Latitude if they are contrary the 
one to the other, and the Difference in the former Caſe and the Sum 
in the latter, will give the Meridioval Zenith-diſtance. 

Thus on the 157 of May, when the Sun is 21 deg. 51 min. of 
Taurus, his Meridional Altitude will be found to be 56 deg. 44 min. 
his Meridional Zenith-diſtance 33 deg. 16 min. on the 1 1th of Au- 
guſt when he is in 29 deg- 27 min. of Leo, his Meridional Altitude 
will be 50 deg. og min. and his Meridional Zenith-diſtance 39 deg. 
51 min. on the 13th of November, when he is in 2 deg. 30 min. of 
Sagittary, his Meridional Altitude will be 17 deg. 46 min. and his 
Meridional Zenith-diſtance 72 deg. 14 min. and on the 9th of Febru- 
ary, when he is in ox deg. oꝙ min. of Piſces, his Meridional _— 
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tude will be found to be 27 deg. 23 min. and his Meridional Zenith. 
_ . diſtance 62 deg. 37 min. 


Prob. XIV. 


Given the Latitude of the Place, the Day of the Month, or the 
Place of the Sun in the Ecliptic, to find his Aſcenſional Difference, 

The Aſcenſional Difference is always equal to the Difference be- 
tween the Right and Oblique A ſcenfion or Deſcenſion. Wherefore 

The Globe being rectificd, bring the Sun's Place to the Meridian 
and obſerve the point of the Equator then culminating, or lying un- 
der the Meridian, then turn the Globe about, till the Place of the 
Sun in the Ecliptic cut the Eaſt or Weſt fide of the Horizon, and ob- 
ſerve what Degree ot the Equator is Cut off by the Horizon, at that 
time count the Number ot Degrees inthe Equator between this point 
and the point laſt found, and ir will give the Aicentional Difference. 
Thus on the 1/# of May, when the Sun is in 21 deg. 56 min. of 
Taurus, his Aſcenſional Difference will be found to be 24 deg. 33 
min. c the 11th of Auguſt, when he is in 29 deg. 27 min. of Leo, 
it will be 15 deg. os min. on the 13th of November, when he is 
in 2 deg. 30 min. of Sagittary, it will be 28 deg. 24 min. and on 
the 9th of February, when he is in 1 deg. og min- of Piſces, it will 
be 14 deg. 16 min. 

The Right and Oblique Aſcenſion or Deſcenfion being known, 
the Aſcenſional Difterence may be found, by taking the Difference 
between the Right and Oblique Aſcenſion or Deſcenſion, or by ta- 
king halt the Difference between the Oblique Aſcenſion and De- 


ſcenſion. 


Problem XV. 


Given the Latitude of the Place, the Day of the Month, or the 
Place of the Sun in the Ecliptic, to find at what time the Sun will 
Riſe and Set, and the Length of the Day and Night. 

The Degree of the Equinoctial that is under the Meridian in any 
Scituation of the Globe, is called the Right Aſcenſion of the Mid- 
Heaven at that time. 


Now 
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"Now ſince the Hour of the Sun's Riſing is ever equal to half the 
time of his continuance below the Horizon, and as this is ever e- 
qual to, or meaſured by the Arch of the Equator that tranſits the 
Meridian during that Space of time. Therefore, 

Bring the point in the Ecliptic (oppoſite to the Sun's Place) to the 
Meridian, and obſerve the Right Aſcenſion of the Mid- Heaven at 
that time, then turn the Globe about, till the point in the Eclipric 
anſwering to the Sun's Place lyes under the Eaſtern- ſide of the Ho- 
rizon, and obſerve the Right Aſcenſion of the Mid-Heaven at that 
time · 

Subſtract the latter Right Aſcenſion from the former, or ſubſtract 
the leſſer from the greater, and it the Remainder be more than 180 
Degrees, ſubſtract it from 360 Degrees, and convert the Difference 
into Time, by allowing 15 Degrees to an Hour, Cc. and it will 
give the time of the Sun's Riſing ; this therefore being doubled, will 
give the Length of the Night, and being ſabſtracted from 12 Hours 
will give the time of the Sun's Setting ; which being added to its 
lelt, will give the Length of the Day. Again | 

Inaſmuch as the Hour of the Sun's Setting is ever equal to half 
the time of his Continuance above the Horizon, and as this is mea- 
ſured by an Arch of the Equnoctial intercepted between the points 
of the Equator that culminates with him, and that tranſits the Me- 
ridian at the time of his Setting. . 

Bring the Sun's Place to the Weſtern-fide of the Horizon, and 

ſee what Degree of the Equinoctial is then under the Meridian. 
» SubſtraGt this from the Right Aſcenſion of the Sun, or the Degree 
of the Equator that culmmates together with him, (and the Re- 
mai-der converted into time) will give the Hour of the Sun Setting; 
which being doubled will give the Length of the Day, and ſubſtrac- 
ted from Twelve Hours will give the Time of Sun Riſing, and laſtly 
this being doubled, will give = Lergth of the Night. | 


r, 

If the Right Aſcenſion of the Mid-Heaven at the time of the Sun's 
Riſing, be ſubſtracted from the Right Aſcenſion of the Mid-Heaven 
at the time of his Setting, the Remainder converted into time will 
give the Length of the Day; and on the contrary, if the Right Aſ- 
cenſion of the Mid-Heaven at the time when the Sun arrives at the 
Weſtern- ſide of the Horizon, be ſubſtracted from the RightAſcenſion 
of the Sun, when he juſt aſcends above the Horizon on the Eaſtern- 
fide, the Remainder converted into time will ſhew the Length of 
the Night. Kkkk* Thus 
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Thus on the 1/7 of the May when the Sun is in 21 deg. 51 min. 
of Taurus, he will be found to riſe at 4 hor. 22 min. to ſet at 7 hot. 
38 min. the Length of the Day will be equal to 15 hor. 16 
min. and the Length of the Night 8 hor. 44 min. on the 11th of 
Auguſt, when he is in 29 deg. 27 of Leo, he will riſe at 5 hor. and 
ſet at 7 hor. oo min. the Length of the Day will be equal to 
14 hor. oo min. and the Length of the Night 10 hor. oo min. on the 


13th of November, when he is in 2 deg. 30 min. of Sagittary, he will 


riſe at 7 hor. 53 min. #, and ſet at 4 hor. 96 min. 3, the Length 
of the Day will be equal to 8 hor. 13 min. and the Length of the 
Night 15 hor- 47 min. and on the th of February, when he is 
in 1 deg- og min. of Piſces, he will riſe at 6 hor. 57 min. and ſet 
at o5 hor. o; min. the Length of the Day will be 10 hor. 6 min. 
and the Length ot the Night 13 hor. 54 min. 

As the Aſcenſional Difference found by the laſt Problem, ſhews 
how much the Semi-Day is longer or ſhorter than Six Hours, ſo it is 
ever equal to the Quantity of time that the Sun riſes and ſets before 
or aftertheHour of Six ; this therefore converted into time and added 
to Six Hours, will give the time of the Sun's ſetting, the Semi- 
Length of the Day when the Latitude of the Place and Declination 
are both North or both South; but the time of the Sun's riſing the 
Semi- Length of the Night when they are contrary ;, but being ſub- 
ſiraQed from Six Hours, will give the time of the Sun's riſing when. 
they are both the ſame way, but the time of the Sun's ſetting when 
they are contrary. Or, 

Having re&ified theGlobe, bring the Sun's Place to the Meridian, 
and ſer the Index of the Horary Circle to Twelve at Noon, then bring 
the Sun's Place to the Eaſtern- ſide of the Horizon, and the Index will 
point out in the Horary Circle the time of the Sun's riſing; and the 
Globe being turned about t ill the Sun's Place arrives at the Weſtern- 
fide af the Horizon, the ſame Index will point out in the Horary 
Circle the time of the Sun's ſetting. Again, 

The Place of the Sun being brought to the Eaſtern- ſide of the Ho- 
rizon, and the Index placed at Twelve, if the the Globe be turned 
about till the Sun's Place arrive at the Weſtern- ſide of the Horizon, 
the Index will point out upon the Horary Circle, how many Hours. 
the Day is long; and the Globe being thus ſcituated, if the ſame 
Index be placed at Twelve at Night or Noon, and the Globe be 
then turned about till the Sun's Place arrive at the Eaſtern- ſide of the 
Horizon, the ſame Index will point out upon the Horary Circle the 

Length 
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Length of the Night, or how long the Sun has continued below the 
Horizon. When the Declination of the Sun becomes equal to the 
Complement of the Latitude of any Place, and both are on the ſame 
ſide of the Equator, the Sun never deſcends below the Horizon, but 
paſſes the Meridian on the North or South points of the Horizon, 
according as the Place is ſcituated either on the North or South fide 
of the Equator; after which he conſtantly continues above the Ho- 
rizon, till having paſſed thro the greateſt Declination, he returns to 
that point in the Ecliptic where the Declination becomes the ſame 
as before: Let it therefore be required in 


Prob. XVI. 


To find what Number ot Days the Sun doth conſtantly ſhine at any 
Place within theArtic Circle, at whatDay it begins, and at what time 
it ends, as alſo the time of his Continuance below the Horizon at the 
oppoſite time of the Year, or the Length of the longeſt Night, and at 
what time it begins and ends, 

Having elevated the North Pole of the Globe according to the 
Latitude of the given Place, turn the Globe about till ſome point in 
the Ecliptic in the firſt Quadrant of the Ecliptic, interſe& the Meri- 
dian in the North point of the Horizon, and right againſt that point 
of the Ecliptic in the Horizon, ſtands the Day of the Month when 
the longeſt Day begins l 

And if the Globe be turned about, till ſome point in the ſecond 
Quadrant of the Ecliptic interſe& the Meridian in the ſame point of 
the Horizon, it will ſhew the Place of the Sun when the longeſt Day 
ends, whence the Day of the Month may be eaſily found. Again, 

If the Globe be turned about, till ſome point of the Ecliptic in 
the third Quadrant of the Ecliptic interſect the Meridian in the 
South point of the Horizon, it will ſhew the Place of the Sun when 
the longeſt Night begins: And laſtly, if the Globe be again mad: 
to revolve about its Axis till ſome point in the fourth Quadrant of th- 
Ecliptic interſe& the Meridian in the ſame point of the Horizon, it 
will ſhew the Place of the Sun when the longeſt Night ends. 

The Beginning of the longeſt or ſhorteſt Day being known, it 
will be eaſy to find the End, for by counting the Number of Days be- 
tween th? Beginning of the longeſt or ſhorteſt Day, and the Day 
when the ſucceeding Solſtice happens, and counting that time from 
the Solſtitial Day, you will have the time when it Ends. 

K KKK 2.* Thus 
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Thus at the North Cape, which is ſcituated in the Northern Latitude | | 
of 71* 35' the Sun will not Set, but will paſs the Meridian in the Nor. 
thern point of the Horizon, and after that time will continue above 

the Horizon till the £ 9th of July following, during the Space of 77 
natural Days; after which he will continue to Riſe and Set till the 
4th of November following, when he will but juſt touch the Horizon 
in the Southermoſt point, and will not aſcend, but conſtantly con- 
tinne below the Horizon till the 16 Day of January following; 
when he will juſt appear to Riſe upon the Meridian, after he has 
continued below the Horizon for the Space of 73 natural Days; 
which is the Length of the longeſt Night. 

So that the longeſt Day is longer than the longeſt Night by the 
Space ot Four natural Days, which Inequality ariſes from the Ex- 
centricity of the Earths Orb. . 

After the ſame manner may the Length of the longeſt and ſhorteſt 
Day be found in any other Place within the Artic Circle, and mu- 
zatis mutandis, may the Length of the longeſt and ſhorteſt Day be 
tound, in any Place within the Antartic Circle- | | 


problem XVII. 


The I atitvde of the Place, the Day of the Month; or the Sun's 
Flace in the Eclipric being given, to find the Beginning and End 
of Morning and Evening Twilight, e a ans | 

It has been found by Obſervation that the Solar Rays are viſible 
till the Sun has deſcended 13 Degrees below the Horizon, at which 
time the total DarkneGG begins. Wherefore, - oo 

Having rcQified the Globe to the Latitude of the Place, and fixed 
the Quadrant of Altitude to the Zznith of the Place, or at the di- 
ſtance of the Complement of the Latitude of the Place from the 
Pole, cauſe the oppal re point to the Sun's Place in the Ecliptic to 
aſcend, till it cut 18 Degrees above the Weſtern fide of the Hori- 
20, on the Quadrant of Altitude, from the Right Aſcenſion of the 
Mid Heaven at that time, ſubſtract the Right Afcenfion of the] Sun, 
and the Remainder converted into Time will ſhew how long the 
Twilight begins and epds, before ard after Noon; this therefore 
will ge the End of the Evening Twilight; and being ſubſttacted 
from 12 Hours, will giretl'e Hourwhen the Morning Twilight be- 
gins; and if the Clode be turned abdur tilk the fame point in the 
Ecliptic juſt touch the Weſtern edge af the Horizon, the W 
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between the Right Aſcenſion of the Mid-heaven at each Scituation 
of the Globe, will ſhew the Duration of Twilight, Or, 
Having rectified the Globe as before, and ſet the Index of the 


horary-Circle to 12, turn the Globe abour, till the point oppolite 


to the Sun's Place be gotten 18 Degrees above the Weſtern- fide of 
the Horizon, then will the Index point out upon the horary Circle, 
the beginning of Morning Twilight: And if the Globe he ſtill turn- 
ed about its Axis, till the ſame oppoſite point to the Sun's Place 
cut the Weſtern Limb of the Horizon, the Difference between the 
Hour pointed out before, and in the preſent Scituation, will ſhew 
the Duration of Twilight: and if the Globe be ſtill turned about, 
gill the point in the Ecliptic oppolite to the Sun, be deſcended 18 
Degrees below the Eaſtern-ſide of the Horizon, the Index will point 
out upon the Hour Circle the End of the Evening Twilight in the E- 
vening. 
Thus upon the iſt of May, when the Sun is in 21 deg, 51 min- 
of Taurus, the Begining of the Morning Twilight will be at x hor. 
21 min, and the End of the Evening Twilight at 10 hor. 39 min. 
after it has continued 3 hor. o1 min. on the 11th of Auguft, 
when the Sun is in 29 deg. 27 min. of Zeo, it will begin at 2 hor, 
39 min. in the Morning and end at 9 hor. 21 min. in the Evening, 
and continue 2 hor. 21 min. On the 13th of November it will be- 
gin at 5 hor. 47 min. in the Morning, and continue 2 hor, 7 min. 
and end at 6 hor. 13 min. in the Evening: And on the gth of Fe- 
bruary it will begin at o5 hor. 03 min» in the Morning, end at 
6 hor. 57 tain, in the Evening; and continue for che Space of 1 hor. 
57 min. g- 0 2 1110 | 
N. B. That the Duration of Twilight is from its Beginning in 
the Morning to the time of Sun Rifing, and from the Setting 
of the Sun in the Evening till the End of Evening Twilight; 
and that, when the Declination of the Sun becomes equal to 
the Complement of the Latitude leſſened by the Depreſſion, 
the total Darkneſs ceaſes, and the Twilight continues from Sun 
Set to Sun Kiſe. 


oo Prob. XVIII. 
Given the Latitude of the Place, the Day of the Month, or Place 
of the Sun in the Ecliptic, together with the Hour of the Day, to 


find the Ahitude of the Sun, and his Azimuth at that time. 
Sgt Having 
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Having rectifed the Globe and fixed the Quadrant of Altitude 
to the Zenith. 

Convert the Time from Noon into Degrees and Minutes, and add 
it to tha Sun's Right Aſcenſion i: the Time given be in the After. 
noon, but ſubſtract it from the Right àſcenſion if the time given be 
in the Forenoon; or convert the Time reckoned from the preceding 

Noon, and add it to the Right Aſcenſion of the Sun ar the time 
of the preceding Noon, and you will have the Right Aſcenſion of 
the Mid- heaven at the time propoſed. | 

Bring the Degree of the Equinottial anſwering to the Right Af. 
cenfion of the Mid heaven under the Meridian, and lay the Quadrant 
ct Altitude over the Sun's Place in the Ecliptic, then will the Arch 
of the Quadrant of Altitude intercepted between the Sun' s Place 

and the Horizon, give the Altitude; as will the Arch of the Hori- 
zon contained between that point where the Quadrant of Altitude 
cuts it, and the Meridian give the Sun's Azimuth. Oc, 

Having -reQiified the Globe and Quadrant of Altitude as before, 
bring the Sun's Place ro the Meridian, and fix the Index againit 12 
in the horaryCircle, then turn theGlobe abour,rill theIndex point our 
the given Hour 11 the hcrary Circle, and the Quadrant of Altitude 
being laid over the Sun's Place, will ſhew bis Altitude and Azimuth 


as before. | 

Thus on the 1 of May, when the Sun is in 21 deg. 5 i min. of 
Taurus, at 30 min. paſt Eight in the Morning, his Altitude will be 
found to be 37 deg. 14 min. and his Azimuth South 71 deg. 8 min, 
Eaſt ; on the 1 17) of Azguſtwhen he is in 29 deg. 27 min. of Leo, his 
Altirude at 9 in theMorning will be found to be 36 deg. 6 min. and 
his Azimnth South 58 deg. 59 min. Eaſt, on the 13th of Noven- 
ber when he is in 2 deg. 30 min, of Sagittary, at half an How after 
Two, hisAltitude will be 10 deg+ 39min · and his Azimuth S. 35 deg. 
25 min. W. and on the 9th of February, when he is in 1 deg. 9 min. 
of Piſces, at 2 in the Afternoon his Altitude will be 22 deg. 12 


min. and his Azimuth S. 32 deg, oo min, W. 


Prob. XIX. 


Given the Latitude of the Place, the Day of the Month, or the 
Sun's Place in the Ecliptic, together with his Altitude, to find the 
Hour of the Day and Azimuch of the Sun. 

Having re&ified the Globe and the Quadrant of Altitude, as in the 
former Problem, | | Turn 
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Tarn the Globe abour, till the Sun's Place in tlie Ecliptic cut the 
given Altitude, on the Quadrant of Altitude, in the Eaſtern or Weſt- 
ern Semicirclez according as the Cale requires, and note the Right 
Aſcenfion of the Mid- heaven at that time : Now if from the Right 
Aſcenſion of the Mid-heaven at that time be taken away the Right 
Aſcenſion of the Sun, the Remainder converted into Time, will give 
the Hour from the preceding Noon, Or, | 

Having reQtified the Globe as before, bring the Sun's Place to 
the Meridian, and ſet the Hour Index at 12, and turn the Globe a- 
bout till the Sun's Place cut the given Altitude on the Quadrant of 
Altitude either in the Eaſtern or Weſtern Semiciicle, according as 
the Caſe requires; then will the Index point out on the horary Cir- 
cle the Hour at the time of the Obſervation, 

And in either of theſe Caſes, the Arch of the Horizon contained 
or intercepted berween the point where the Quadrant of Altitude 
cuts the Horizon, and the North or South points of the ſame, will 
thew the Sun's Azimuth at that time. 

Thus on the 1ſt of May, when the Sun is in 21 deg. 51 min. of 
Taurus at 40 deg. oo min. of Altitude in the Eaſtern Semicircle, 
it will be found to be 8 h. 49 m. and his Azimuth at that time will 
be S. 66 deg. 33min. E. « n the 11th of Auguſt when he has 35 degrees 
of Altitude in the Weſtern Semicircle, theHour will be 3 hor. 8 min. 


and the AzimuthSouth 61 deg. 8 min. Weſt on the 13th of Novem- 


ber when he is in 2 deg. 30 min. of Sagztiary, at 12 degrees of 
Altitude in the Eaſtern Semicircle, the Hour will be 9 hor. 46 min. 
and the Azimuth S. 31 deg. 58 min. E. and on the 9th of February 
when he is in 01 deg. 09 min- of Piſces, at 20 degrees of Altitude 
in the Weſtern Semicircle, the Hour will be found to be 2 hor, 
24 min. and the Azimuth S. 38 deg. o min. W. 


Prob, XX. 


Given the Day of the Month and Hour of the Day, to find 

1. In what Places of the Earth the Sun is Vertical, or in the Ze- 
nith at that time. 

2. In what Places of the Earth the Sun is, then Riſing, 

3. In what Places of the Earth the Sun is then Setting. 

4. In what Places of the Earth he is then culminating, or on the 
Meridian. | 

5. In what Places of the Earth it is then Midnight. | 

6. In what Places of the Earth the Twilights are then Beginning: 


74 
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7. In what Places of the Earth the Twilights are then Ending. 

- 8. What Zone of the Earth at that time enjoys nothing but 
Twilight. 5 | 

9. What is the Height of the Sun in any Part of the illuminated 
Hemiſphere And | | 

10. Whar is his Depreſſion at any Place in the obſcure Hemiſphere 
of the Earth. | 

Having found the Sun's Place and his correſpondent Declination, 
elevate the North Pole of the Globe, if the Sun have North Decli. 
nation, but the South Pole if the Sun have South Declination, 3. 
bove the Horizon, till the Arch of the Meridian contained between 
the Pole and the Horizon be equal to the Declination of the Sun at 
that time. | 

Convert the time from the preceding Noon into Degrees and Mi. 
nutes, and if the Hour given be in the Morning, add it to the Lor- 
gitude of the given Place, but if the time given be in the Afternoon, 
ſubſtract it from the given time, and bring that Degree of the E- 
quator under the Meridian. Or, 

Having brought the given Place under the Meridian, ſet the Index 
at the given Hour, and turn the Globe about till rhe Index point at 
Twelve at Noon upon the horary Circle. Then will 

r. The Sun be Vertical ro that point of the Earth that is then 
under that Degree of the Meridian which correſponds with the Sun's 
Declination, and conſequently in the Nadir, to the oppolite point 
in the lower Hemiſphere. 

2. All thoſe Places that are in the Weſtern Semicircle of the Ho- 
rizon, will have the Sun Riſing. £ 

3. All thoſe People that dwell in thoſe Places of the Earth that 
lye in the Eaſtern Semicircle, will fee the Sun Setting. 

4. To all Places that lye under the upper Semicircle of theMeridi- 
an, theSun will be upon the Meridian and conſequently it will be their 
high Noon. | 

5. And all thoſe People who dwell under the lower Semicircle of 
the Meridian, will have it Midnight. 

6 · In all thoſe Places that are depreſſed 18 Degrees below the Weſt- 

ern Semicircle of the Horizon, the Twilight is juſt beginning in the 

Morning. And, , | 

J. In all thoſe Places that are depreſſed 18 Degrees below the 

Eaſtern Semicircle of the Horizon, the Twilight is there Ending in 

the Evening, and the total Darkneſs beginning, * 
An 


it 
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8. And in all that Zone of Earth that is contained between the 
Horizon and a ſmall Circle drawn parallel to it, and beneath it at 
the diſtance of 18 Degrees, it will be Twilight, 

9. It a Quadrant of Altitude be fixed in that point where the 
Sun is Vertical, and laid over any Place, the Arch of that Quadrant 
contained between the Place and the Horizon, will ſhew the height 
of the Sun at that Place, 

10. If the ſame Arch of the Quadrant be continued below the 
Horizon, ſo as to paſs over any Place in the obſcure Hemiſphere of 
the Globe, the Portion of it contained between the Place and the 
Horizon, will ſhew the Depreſſion of the Sun in that Place, 

From this Poſicion of the Globe other uſeful Concluſions might 
be drawn, but theſe ſhall ſuffice at this time. 


Prob. XXI. 


To find the Latitude and Longitude of a fixed Star. 

Inaſmuch as the Latitude of a fixed Stat or Planet, is the neareſt 
Diſtance of that Star from the Ecliptic, meaſured by an Arch of a 
Circle of Longitude paſſing thro the Star, and intercepted between 
that Star and the Ecliptic it ſelf, and the Longitude the Arch of the 
Ecliptic contained between that point of the Ecliptic where the 
Circle of Longitude cuts ir, and the firſt point of Arier: therefore; 

Having elevated the North Pole of the Globe if the Star be in 
the Northern Hemiſphere of the Ecliptic, but if the Star be in the 
Southern Hemiſphere the South Pole, 66 deg. 29 min. rhe Comple. 
ment of the greateſt Obliquity, above the Hotizon, turn the Globe 
about till the Solſtitial Colure lye under the Brazen Meridian, then 
fix the Quadrant of Altitude to the Meridian in that point which is 
directly over the Pole of the Ecliptic, and which is ſcicuated 23 deg. 
29 min. from the Pole ir ſelf, and laying it over the Center of the 
Star, tie Degree of the Quadrant or Altitude cut off by the dtar, 
will ſhew its Latitude; which is North if the Star be on the North 
fide of the Ecliptic, but South if the Star lye on the South fide of 
the Ecliptic; and the point of the Ecliptic cut by the Quadrant of 
Altitude, will ſhew the Place of the Star in the Ecliptic; as will 
the Arch of the Ecliptic it ſelf, contained between that point and 
the firſt point of Aries (hew the Longitude of the ſame Stat. 

Thus Aldebaran or the Southern Eye of the Bull will be found 
to be in Gemini 05 deg. 57 _— 05 deg. 30 min. South = 

K Clit» 
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clination, as will Caſtor the Head of the Northern Twin, be found 
to be in Cancer 16 deg- 25 min. having 10 deg. 04 min. North La. 
titude ; allo the Bright Foot of Orion called Regel, in Gemini 12 
deg. oo min. having 3 1 deg. 10 min. Sourh Latitude, and Syrjys 
or the Great Dog Stars in 10 deg. 19 min. of Cancer having 39 dep, 
32 min. South Latitude. 

By the reverſe of this Method, may a Star be laid down from its 
Latitude and Longitude, viz. by preparing the Globe as before, and 
by laying the Quadrant of Altitude over the poipt in the Ecliptic 
anſweling to the Stars Place, and counting the Latitude of the Star 
from the Ecliptic in the Quadrant of Altitude, either Northward ot 
Southward according as the Caſe requires, and the point upon the 
Surface of the Globe, directly under that Degree of the Quadrant of 
Altitude, will be the Place of the Star upon the Globe; and after 
this manner may all the Stars or Planets them lves be laid down 
upon the Globe, their Latitudes and Longirudes being known, 


Prob. XXII. 


To find the Right Aſcenſion, Declination, Meridional Altitude, 
er Zenith Diſtance, Amplitude, Oblique Aſcenſion, Oblique Deſcen- 
fion, and Aſcenſional Difference, of any fixed Star. | 
Now becauſe the Right Aſcenfion, Declination, Meridional Al- 
titude, Zenith · diſtance, Oblique Deſcenſion, Oblique Afcenfion, Am- 
plitude, and Aſcenſional Difference gf a Star is the ſame with that 
of the Sun, ſuppoſing the Sun to be in the Place of the Star, or the 
Star to be in the Place of the Sun; they are found upon the Globe, in 
the ſame manner as they are found for the Sun in the 970, 10h, 1 17), 
12th, 13th, and 14th preceding Problems, by firſt rectify ing the 
Globe to the Latitude, and bringing the Center of the Srar to the 
Meridian, to obtain the Declination, Right Aſcenſion, Meridiopal 
Altitude, or Meridional Zenith-diftance,. and to the Eaſt and Weft- 
fdes of the Horizon, to obtain the Oblique Aſcenſion, Oblique De- 
ſcenſion, and Aſcenſional Difference. No 

Thus the ſeveral Requifites for the Stars Aldebaran, Caſtor, Re- 
gel and Syrius, will be found as follows. | 


For 
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q 4 K * | 
2. 1 For  » Aldebaran Caſtor Rege! Syrius| 
3 Right Aſcenſion 65 o 109 16 75 21 | 98 16 

n [Declination——————]15 55 N 32 27N|o8 3380 16 218 
g. Meridional Altitude [54 23 Jo 55 29 55 22 07 


Meridional Zenith · diſtanceſ 35 37 | 19 os [60 og: | 65 53 
8 Oblique Aſcenſion 44 00 | 56 06 164 27 | 76 36 
d amplitude. --—|26 oN. 59 36N· [13 508 26 548 
0 Oblique Defcenfion — 86 06 162 26 86 15 (119 56 

r Aſcenfional Difference——[21 03 | | 53 10 10 54 | 21 40 

r —— — — — ——— — 
- 

f 

r 


—B 
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Prob. XXIII. 


The Place of che Sun in the Ecliptic, or the Day of the Month be- 
ing given, to find the time of any Stars coming to the Meridian. 

As the Heavens appear to make an intire Revolution in the Space 
of 24 Hours, and conſequently the 24h Part of the Circumference 
ot the Equĩinoctial or 15 Degrees, muſt tranſit the Meridian in one 
Hour: Hence it is that the Arch of the Equinoctial intercepred be- 

tween the Circles of Right Aſcenſion paſſing thro the Sun, (the 
| Governour and Director of the Solar Day, from whoſe arrival 
at the Meridian of any Place, the Aſtronomical! Day takes its Com- 
mencement) and any fixed Star reduced into Time, ſhews how 
long that Star will tranſit the Meridian after the Sun; and conſe- 
quently the Time of the Day at which it will Culminate. There 
tore, | | REY, 
Having brought the Sun and the Star ſucceſſively to the Meridian 
of the Globe, obſerve the Number of Degrees of the Equator that 
tranfirs the Meridian between them; or count the Number of Degrees 
intercepted between the Points of the Equinoctial that culminates 
with the Sun or Star; for this Arch reduced into Time, will give 
the Hour, Cc. of the Stars Culmination. Or, my 
Having brought the Sun's Place to the Meridian, ſet the Index of 
the horary Circle to Twelve at Noon, then turn the Globe till the 
Star it ſelf arrives under the ſame Meridian, then will the Index 
point out upon the horary Circle the time of the Star's tranſiting 
the Meridian. | 

Thus upon the 241þ of Auguſt, the Star Aldebaran will paſs 
the Meridian at 17 hor. 28 min. and on the 1 of January, the Star 
Caſtor will Culminate ar 1 - . 41 min. on the 2d of 3 

9 the 
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the Bright Foot of Orion. tranfus the Meridian at 27 hore 37 min, z 
and on the 251þ of December, the Great Dog St ar Syrius, will appear 
upon the Meridian at 11 hor. 29 um. 

The Quantity of the Sun and Star's Declination being found, the 
time of the Stars Tranfit may be found by ſubſtracting the Right 
Aſcenſion of the Sun from the Right Aſcenſion of the Star, and re- 
ducing the Remainder into Time; and after the ſame manner may 
the time of the Culmination of any of the Planets be found. - 


Problem XXIV. . 


Given the Latitude of the Place, the Day of the Month, or the 
Sun's Place in the Ecliptic, to find the time of a Stars Riſing and 
Setting. | {1 2 | 

7 — as the Hour of the Stars Riſing is equal to the Arch of 
the Equinoctial, that tranſits the Meridian beta een the time of the 
Sun's paſſing the Meridian, and the time that the given Star aſcends 
on the Eaſtern · ſide of the Horizon ; as the Arch of the Equator 
that paſſes over the Meridian, between the time the Sun paſſes, and 
the ſame Star arrives at the Weſtern-ſide of the Horizon, is equal to 
the tine of the Stars Setting. Therefore, 

If the Difference between the Right Aſcenſion of the Sun and the 
Right Aſcenſion of the Mid-heaven at the time of the Stars Riſing 
and Settivg be converted into Time, we ſhall have the time of the 
Stars Riſing and Setting. Or, | 

Having re&ifyed the Globe, and brought the Sun's Place ro the 
Meridian, and ſet the Index to Twelve at Noon, upon the horary 
Circle, if the Globe be turned about till the Star juſt begins to aſ- 
cend on the-Eaſtern-fide of the Horizon, the Index will point out 
upon the horary Circle, the time of the Stars Riſing: And it the 
Globe be ſtill rurned abour, till the fame Star arrives at the Weſt- 
ern-ſide of the Horizon, the Index will point out upon the horary 
Circle, the Hour of the Stars Setting; and after the fame manner 
may the time that the Moon or any Planet will Riſe. or Set be de- 
termined, proyided its Place upon the Globe be known. Or, 
The Aſcenſional Difference of a Star being known, if it be converted 
into Time, and added to, or ſubſtracted from Six Hours, according as 
the Declination ot the Star and Latirude of the Place, are the ſame or 
eontrary one to another, we ſhall have half the time of the Stars Con- 
tinuance in our Hemiſphere ; this therefore being added and * 

W 3 te 
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ted to and from the time of the Stars Southing, will give the time 

of the Stars Riſing and Setting. 

Thus on the 24th of Auguſt, Aldebaran will be found to Riſe at 
London at 10 hor- 04 min and to ſet at 24 hor- 53 min. or 53 min, 
alter Twelve the next Day: On the 1/ of January at the ſame 
Place, the Star Caſtor will Riſe at 2 hor. 09 min. and Set at 21 h. 
14 min- On the 2d of September the Star Regel will Riſe at the ſame 
Place at 12 hor. 21 min. and Set at 22 hor. 54 min. And on the 
25th of December, the Dog Star Syrius will Riſe at os hor- 55 min. 
and Set at 16 hor. oa min- 


Prob, XXV. 


Given the Latitude of the Place, the Day of the Month, or Place 
of che Sun in the Ecliptic, and the Hour of the Night, to find the 

Altitude and Azimuth of the Star. | 
Having rectified the Globe and the Quadrant ot Altitude for the 
Latitude of the Place, reduce the Time from Noon into Degrees and 
Minutes, and add it to the Right Aſcenſion of the Sun, the Sum 
will be the Right Aſcenſion of the Mid-heaven at the time propo- 
ſed : Turn the Globe about till that Degree of the Equinoctial an- 
ſwering to it lye under the Meridian. 


. | 

Having brought the Sun's Place to the Meridian, and ſet the In- 
dex of the Hour Circle to Twelve at Noon, turn the Globe about 
till the Index point out the given Hour upon the horary Circle. 
Then bring the Quadrant of Altitude over the Center of the Star, 
and the Arch of the Quadrant contained between the Star and the 
Horizon will give the Altitude; as will the Arch of the Horizon 
contained between the Meridian and the point in the Horizon where 
the Quadrant of Altitude cuts it, give the Azimuth. 

Thus the Altitude of Aldelaran on the 24th of Auguſt at 14 hor. 
30 min. at London will be found to be 39 deg. 51 min. at which 
time the Azimuth will be S. 6x deg- 33 E. alſo the Height of Caſtor 
on the 1/2 of January at 9 hor. 30 min. will be 59 deg. 26 min. and 
the Azimuth at the ſame time will be South 64 dep. 10 min. Eaſt. 
In like manner the Height of Regel at 19 hor. oo min. on the 
2d of September will be 27 deg- 20 min. and the Azimuth S 23 deg- 
12 min. W. and on the 25th of December at 14 hor- oo min. the Alti- 
tude of Srius will be 14 deg 34 min. and the Azimuth S. 37 deg- 
22 min. W. Probs 


614 Of the Uſe of the Globes. 
; Prob. XXVI. 


Given the Latitude of the Place, the Day of the Month-orPlace 
Of the Sun in the Ecliptic, and the Height of any known Star, to 
find the Hour of the Night and Azimuth of the Star. 
Having elevated the Globe according to the Latitude of the 
Place, and fixed the Quadrant of Altitude to the Meridian at the 
Zenith, turn the Globe about till the Center of the Star cut the gi- 
ven Altitude on the Quadrant of Altitude, in the Eaſtern or Weſtern 
Semicircle, according as the Caſe requires, note the Degree under 
the Meridian at that time: Now it from the Right Aſcenſion 
of the Mid-heaven at that time, be taken the Right Aſcenſion of the 
Sun, .the Remainder converted into Time, will ſhew the Hour of 
the Night · Or, 3 e eee HE QeuT 
Having brought the Sun's Place to the Meridian, and ſet the In- 
dex of the Hour Circle to Twelve, and turn the Globe about till 
the Star cut the Quadrant of Altitude in the given Altitude, then will 
the Index point out the Hour of the Night upon the horary Circle, 
and the Arch of the Horizon in either Caſe contained between the 
Meridian and that point in the Horizon where the Quadrant of 
Altitude cuts it, will ſhew the Azimuth. _ I h 
Thus at London on the 24th of Huguſt, when the Star Aldebaran has 
15deg. 40min. of Altitude in theEaſtern Semicircle, it will be found 
to be 11 hor. 49 min. when its Azimuth will be South 83 deg. 59 
min. Eaſt; the Star CaFor on the 1ſt of Januar), at 60 deg. oo min. 
of Altitude in the Eaſtern Semicircle, will have its Azimuth South 
63 deg o5. min. Eaſt, when the Hour will be 9 hor. 34 min. on 
the 2d of September, when the bright Foot of Orion has 24 deg. 45 
min. of Altitude in the Weſtern Semicircle, the Hour will be found 
ro be 19 deg. 35 min. and its Azimuth S. 32 deg. 30 min. WI and 
on the 25th of December, when the Dog Star Syrius has 15 deg 30 
min, of Altitude in the Eaſtern Semicircle, the Hour will be found 
to be og hor. o8 min. and the Azimuth of the Star at that time 
South 35 deg. 04 min. Eaſt. | 


Prob, XXVII. 


- - Given the Latitude of the Place, the Day of the Month, or 
Place of the Sun in the Ecliptic, and the Hour of the Night, to find 
| | what 
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what Stars are then Riſing and Setting, what Stars are culminating, 
and the Height and Azimuth of any Star above the Horizon, Cc. 

Having elevated the Globe to the Latitude of the Place, and fix 
ed the Quadrant of Altitude in the Zenith, reduce the time from 
Noon into Degrees and Minutes, and add ir to the Right Aſcenſion 
of the Sun for that Day, and the Sum will be the Right Aſcenſion 
of the Mid-heaven at the time propoſed ; and turn the Globe about 
till the Degree upon the Equinoctial correſponding to this Number, 
lye under the Meridian, Or, 

Having brought the Sun's Place to the Meridian, ſet the Index to 
Twelve upoa the Hour Circle, and turn the Globe about till the In- 
dex point out the given Hour upon the horary Circle, then will 

1. All thoſe Stars that lye on the Eaſtern- ſide of the Horizon be 


Riſing. 
2+ All thoſe Stars that lye in the Weſtern Limb of the Horizon, 


be Setting. | 
3-, All thoſe Stars that lye under the Brazen, Meridian be culmi- 
nating. And | | | 
4. If the Quadrant of Altitude be laid over the Center of any 
Star, the Degree cut off by the Star in the Quadrant, will give the 
Altitude of that Star at that time; as will the Arch of the Horizon 
contained. between the Meridian and the point where the Quadrant. 


* 


cuts it, be the Azimuth, Cc. Tk wt 
Wa e 


To determine ali thoſe Places upon the Earth, wliere an Eclipſe 
of the Moon, or of any of the Satellites of Jupiter is viſible. wi 
Having found the. Declination of the Sun, elevate thar Pole of the 
Globe which is moſt remote from the Sun, till irs Height is equal to 
the Sun's Declination 2 g 
Convert the time of the Beginning of the Eclipſe from Noon, into 
deg. and min. and if the Hour given be between Noon and Midnight, 
ſubſtract it from the Longitude of the given Place to which it is 8 
ted, but if it happen between Midnight and the ſucceeding Noon, add 
it to the Longitude of the given Place, and bring the point in the E- 
quinoctial oppoſite to this, to the Meridian, then a Line drawn by tire 
Eaſtern Edge of the Horizon, will paſs thro all thoſe Places where 
the Moon appzats to begin to be Eclipſed at her Setting; and it from 


the Degree of the Equator then under the Meridian, be ſubſtracted 
tire 
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the Duration of the Eclipſe reduced into Time, and the Glohe Ye 
turned about till thatDegree under the Equinoctial come to the Me- 
ridian, a Line drawn by the Weltern-edge of the Horizon will paſs 
thro all thoſe Places where the Eclipſe will end at the Time of the 
Riſing of the Moon; and conſequently within all that Trac of 
the Earths Superficies will the Eclipſe be viſible again. 

To find all that Space of Earth and Warer, where an Eclipſe of 
one of the Satellites of Jupiter will be viſible. TER. 

Having found that Place upon the Earth in which the Sun is Ver- 
tical at the time of the Eclipſe by the 20756 Problem, elevate the 
Pole tliat is neareſt to the Sun, till its Height be equal to the Sun's 
Declination at that time, and bring the Place over which the Sun 
is Vertical, under the Meridian, then if Jupiter be in Conſequence of 
theSun, aLinedrawn on the Globe on theEaſtern ſide of the Horizon: 
will paſs over all thoſe Places where the Sun is Setting ar that time, 
Burt if Fupiter be in Antecedence of the Sun, draw the Line on the 
Weſftern-fide of the Horizon, and it will ſnew all thoſe Places where 
the Sun is then Riſing. 

If Jupiter be in Conſequence of the Sun, add the Difference be- 
tween the Right Aſcenſion of the Sun and Jupiter to the Longitude 
of that Place where the Sun is Vertical at the given time, and bring 
that Degree of the Equator under the Meridian and elevate the 
North Pole, if Jupiter be on the North-fide of the Equator, but if 
he be on the Soutbern-fide elevate the South Pole, till it be equal 
to the Declination of Jupiter, in this Poſition of the Globe draw 
a Line along the Eaſtern-fide of the Horizon, the Space between 
this Line and the Line that determined the Place where the Sun was 
Setting, will comprehend all thoſe Places of the Earth where Ju- 
piter will be viſible, from the Setting of the Sun to the Setting of 

upner. | 
6 Bur if Jupiter be in Antecedence of the Sun, ſubſtract the Diffe- 
rence between the Right Aſcenſion · of the Sun and Jupiter, from the 
Longitude of that Place where the Sun is Vertical at the time of the 
Eclipſe, and bring the Degree of the Equator anſwering to the Re- 
mainder, under the Meridian, and the Globe being elevated as before 
taught, draw a Line by the Weſtern Limb of the Horizon, and 
the Space contained between this Line and the Line of the Sun's 
Riſing before drawn, will comprehend all rhoſe Places on the Earth 
where the Eclipſe is viſible, between the times of the Riſing of the 
Sun and Jupiter. | | 

| Theſe 
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Theſe Problems being well underſtood, there is ſcarce any Pro. 
lem that can be propoſed» bur the skiltul and diligent Reader will 
he able to give a Solution to it himſelt ; and as theſe Problems that 
] have reſolved are the moſt general and uſeful that can be, ſo 1 have 
given each of them a gencral Anſwer, and ſhewn how each Problem 
may be Solved independently of the other, from the moſt ſimp e Da- 
ta, and that by the help cf the Equator which gives Solutions to all 
Queſtivns, to a much greater Degree of ExaCtneſs than the horary 
Circi'e can do, by how much the Radius of the Equator is greater 
thin the Radius of the horary Circle; the common Method made 
Uſe of in all Books that treat of the Ule of the Globes, which be- 
ing calculated for the Uſe of ſuch People only as do not underſtand 
the four Fundamental Rules of Ar:thmeric, ought to be laid quite 
fide by People that are Maſters of them; tho for Conformities fake, 
and for the Benefit of ſuch Perſons as are not capable of adding, Ec. 
have (ſhewn how the Problems themſelves may be reſolved by the 
Hour Circle and Index only. 

How the ſeveral Triangles are formed upon the Surfice of the 
Globe, by the mutual Inter ſection of che ſeveral great Circles made 
Uſe of in theſe Solutions whence the Length of the ſeveral Parts 
of them may he Calculated by the Trigonometrical Laws, will be 
very obvious to any one who underſtands what has been ſaid in the 

receeding Seton but one, and in the 2d Section of Part th: 51h, I 
{hall therefore pals it over, and leave it as an Exerciſe to the young 


Beginners. 
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Section XXIV. 


/ the Diviſion of Time and its Parts; of the Cycles, 
Epoch s, Era's, Periods, Moveable Feaſts, &c. 


Aronoloay as to its Etymolgy, denotes noother than a Diſcourſe 
( corcerning Time, and is an Art that teaches us how to diffin- 
2uiih rightly the Times, in Which me norables Taings have har - 

zned; this gives a Form to Hiſtory (which is a Narration of 
pait TranſaQtions) and Hiſtory furniſhes this with Mitter; for 35 
M m m m * Hil- 
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Hiſtory deſcribes the Things done, ſo Chronology aſſigns them their 
proper Places in the Order and Series of Time, and is made up of 
Two Parts, 

The firſt explains the Nature and Parts of Time. k 

The ſecond treats upon certain CharaQteriſtics or Indices, by 
which Times are diſtinguiſhed. 

Abſolute True and Mathematical Time, confidered in it ſelf, or 
in its own Nature, without Relation to any external Being, flows 
equally or uniformly, and is otherwiſe called Duration; to diitinguiſh 
it from Relative, Apparent, and Vulgar Time, which is a ſenfible 
external M aſure of Duration by Motion; and this is what Aſtrono. 
mers, Chronolegers, &c. mean by the Word Time: So that by 
Tim: we are to underſtand a certain Part of Duration meaſured out 
to us by the fimple and uniform Motion of ſome Body, that al- 
ways goes on at the ſame Rate, ſuch as is the Motion of the Cœleſ- 
tial Bodies, but chiefly the Sun and Moon; which have not only 
been agreed up en by the common conſent of Mankind in all Ages, 
to meaſure Time by, but ſeemed deſigned for this Purpoſe, 3 
— manifold Uſes, by the Wiſe Creator of the Univerſa 
himſelf. 125 

Time thus meaſured out to us, is diſtinguiſhed into Years, Months, 
Weeks, Days, Hours, and Scruples. 

A Scruple is a very ſmall Part of Time, and is either Horary or 
Diurnal, - Era. 

A Horary Scruple which is alſo called a Prime, is the One Six- 
tieth Part of an Hour, it is called a Moment or Minute, and is by 
Aſtronomers divided into Sixty Parts called Seconds of a Minute, or 
fimply Seconds, and each of theſe again into 60 Equal Parts more 
called Thirds of a Minute, Cc. | 3 

A Diurnal Scruple is the One Sixtieth Part of a Day, and is divi- 
ded into Seconds, Thirds, Fourths, &c. | 
- An Hour is a certain determinate Part of the Day, and is either 
equal or unequal. | 

An Equal Hour is the T wenty-fourth Part of a Natural Day, or 
of that Space of Time that flows while the Sun goes from any Me- 
ridian, till it arrives at the ſame Meridian again. 

An Unequal Hour is the Twenty-fourth Part of an Artificial Day, 
or of that Space of Time that flows whilz the Sun is moving from 
the Eaſtern Limb of the Horizon to the Weſtern ; or the time that 


he continues above the Horizon; as is the Twenty-fourth Part af 
| the 
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the Artificial Night, or time the Sun continues below the Horizon, 
called a Nocturnal Hour; theſe Hours are likewiſe called Temporary 
Hours, becauſe at different Seaſons of the Year they are of different 
Lengths : For a Diurnal Hour in the Summer is longer than one in 
the Winter, and a Nocturnal Hour is ſhorter ; but in the Equinoc- 
tial Day, the Hours in the Day and Night are equal to each other, 
and to a Mean between the two Extreams ; whence it comes to paſs 
that equal Hours are ſomerimes called Equinoctial Hours. 

Theſe Hours begin at the Riſtng and Setting of the Sun, and were 
of Uſe among the Feu and Romans, and at this Day among the Taras; 
they are alſo called Planetary Hours, becauſe in every Hour the Ar- 
cients ſuppoſed one of the Seven Planers to preſide over the World, 
which they took by turns; that the firſt Hour after Sun Riſing on 
Sunday, fell to the Sun, the next to Venus, the third to Mercury, 
and the teſt in Order to the Moon, Saturn, Jupiter and Mars, By 
this ineans on the firſt Hour of the next Day the Moon pte ſided, and 
on that Account gave the Name to the Day- which we call Aonday, 
and ſo on; whence it comes to paſs that every other Day of the 
Weck took its Name from that Planet that was ſuppoſed to go- 
vern the firſt Hour of it. 

The Hebrews, and many of the Eaſtern People, as well as the 
Romans, about Three Hundred Years aſter the Foundation of Rome, 
divided their Artificial Day into Four equal Parts, the Firſt of which 
began at the Riſing of the Sun, and this Firſt Part continued Three 
Hours, and was called the Firſt Hour; ard at the End of it a Signal 
was given to the People to let them know that the Firſt Hour was 

iſt, and that the Second was begun, which was called the Second 
Hour, which alſo continued Three Hours, and then another Sig- 
nal was given to inform them that the Second was paſſed and that 
the Third was begun; and that it was then the middle of the Day, 


which was called the Sixth Hour, and this Part continued al ſo 


Thiee Hours; which being ended the Fourth and Laſt Parr of the 

Day begun, which was called the Ninth Hour, becauſe this was 

th: Ninth Part ot the Day, which began at Sun Riſe and ended at 

_ Setting of the Sun, and this Part of the Day they called the 
eſpeis. 

And the Church of Rome makes Uſe of theſe Hours at this Time 
for the performing of Divine Service in, and which has been in 
Ule ever ſince the Year 543. The Night alſo was divided into 
Four equal Parts, which were called Watches, each Part contain- 
Mmmm 2 * | ing 
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ing Three unequal Hours; the Firſt Watch began at the Setting of 
the Sun and continued Three Hours; the Second continued till Mid. 
night when the Third began; and the Laſt continued till Sun Riſe, 
And inaſmuch as the Sun in one diurnal Revolution paſſes hy Four 
remarkable Points, vis. two in the Horizon, which are the points 
of Riſing and Setting, and two in the Meridian, which are Mid- 
day and dual nee ere it comes to paſs that different People be- 
gin their Day at different Times, the Babyloniant, the Afſyrians, 
with many other Eaſtern Nations, as well as the Inhabitants at 
Majorca, eee and Nuremberg, began their Day at Sun Riſing 
The Jet, the Athenians, formerly the Greeks, the Italians, the 
Scicilians, the Bohemians, the Auſtrians, the Polanders, do at this 
Time begin their Day at the Setting of the Sun, and the Hour af. 
tet the Sun is Set they call the Firſt Hour and count on. till they 
come to the Twenty fcurth. 
The Egyptians with the Ancient Romans began their Day at Mid- 
nighr,which was followed and made Uſe of by Fipparchas in his A. 
#ronomical Obſervations and is ſtill retained ir Britain France, Spain, 
apd in moſt Places of Europe, and by the Church in the Celebration 
of her Feaſts, tho the Arabs and the modern Aftroromers take tha 
Commencemert from Noon, or when the Sun is upon the Meridian, 
A Week is a ſucceſſion of Seven Natural Days, to which the 
Gentiles gave the Names of the Seven Planeis, tothe Firſt Day they 
gave the Name of the San, to the Second the Name. of the /1o9n, 
to the Third the Name of Mars, to the Fourth the Name of Mer 
cury, to the Fifth the Name of Jupiter, to the Sixth the Name of 
Venus, and to the Seventh the Name of Saturn. But the Hebrews 
cilled every Day of the Week by the Name of Sabbaths, and becauſe 
the Day of the Sabbath was their Principal Day, (as our Sunday is 
to us) the Day after the Sabbath they called. the Firſt Day of the 
Sabbath, which is our Sunday ; the following Day and which is our 
Manday, they called the Second Day of the Sabbath, and ſo on till 
the Seventh Day which was the Sabbath it ſelf, and the Day before 
they called the Preparation. for the Sabbath ; but fince the Com. 
mencement of Chriſtianity the Names of theſe Day s have been chan- 
ged into that of Feriz, which ſignityes Feaſts Days, becauſe all the 
Days of the Week are Fealt Days for the Chriſtians, unleſs others 
ways ſet a-ſide; and the Firlt Day they called Feria Sunday, or the 
Eords. Day, in. Commemoration of the Re ſurrection, the Second 


Day: or. Manday, they called the Second Feria; the Third * 2 
| HE _ 


The Elements of Chronology _ 631 


Tueſday, they called the Third Feria, Oc. till they come to the 72h 
Day which they called the Sabbath Day, which ſigniſies a Day of 
Reſt ; bur the People in General at this Day uſe the ſame Names 
that were given them by the Gentz/es. 

A Month is a certain Syſtem of Days conſiſting of lomething 
more or leſs than Thirty Days, and is either Aſtronomical or Civil, 
the Aſtronomical which are likewiſe called Natural, are thoſe that 
are governed by the Courſe of the Sun and Moon, and are cither So- 
lar or Lunar. 

A Solar Month is properly that Space of Time that the Sun em- 
ploys to run thro any vign of the Z>diac, which is the Tweltth Part 
of the whole Ecliptic; and of theſe there are two Sorts, the Mean 
Solar Month, which is the Time that the Sun requires ro move thro 
the Tweltch Part of the Zodiac» according to mean Motion, and 
which conſiſts of 320 days 10 hor. 29 min. 6 ſec. 18 thirds 50 fourths, 
and the true Solar Month which is the time that the Sun requires 
to move through one of the Signs by his true Motion, and as cheſe 
Times are un<qual ſo rhe Months themſelves are alſo unequal ; be- 
ing greateſt when the Sun is in the Apogeum, which happens when. 
the Sun is in about os deg. of Cancer, and ſhorteſt When he 
i in his Perigeum, which happens whenhe is in about 08 deg. of 
Capricorn. = 

The Lunar Months are thoſe which.are meaſured by the Motion 
of the Moon, and of thete there are Three Sorts, the Periodical, 
the Synodical, and that of 1//umination, 

The Periodical is that Space of Time that the Moon employs to 
run thro the Eclipric, or till he returns to the ſame Place from 
whence he began to move, which according to mean Motion is per- 
formed in 27 days 7 hor. 43 min. 7 ſec. but according to his true 
Motion in an Hour more or leſs, | 

The Synodical Month, is that Space of Time that elapſes between: 
one ConjunQtion of the Sun and Moon and the next following, and 
is of Two Sorts, vis. True and Mean. The Mean Synodical Month” 
is that which agices with the mean Motion ct the Sun and Moon, 
and is equal to 29 days 12 hor. 44 min. 3 ſec. 11 thirds, and is 
the Meature of all the Lunar Months; but the I7ueSynodrcal Montb 
is that which is made by the true Conjurction of the Sun and Moon 
and its Difference from the Mean, is tometimes greater and ſome- 


times leſter than 14 Hours, 


The 
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The Month of Illumination or Apparition, is the Interval of Time 
between the Day that the Moon begins to appear after the Con- 
junction, to the Day that ſhe dilappears ; and this Month ordina- 
rily conſiſts of Twenty-eight Days, but not exactly, tor ſometimes 
ſhe is ſcen ſooner or later, according as ſhe is to the Northward or 
Sonthward, or according as her Motion is ſwitter or ſlower, or ac- 
cording to the Signs aſcending or deſcending in which ſhe is. 

The Civil or Political Months are different from each of theſe, and 
conſiſts of a certain Number of Days, fewer or more, according to 
the Laws and Cuttoms of the Country in which they are k-pr. 

The Egyptian Months conſiſted of Thirty Days, and at the End of 
each Year they added Five Days, which they called Epagomenos 
Dies, and the Perfian Months conſiſted of Thirty Days as the E- 
g1ptians did, and they added Five Days at the End of every Year, 
which they called a Common Year, and Six Days in tl.e Intercalary 
Tears, and theſe Days they called Muſteraka, 

A Year is a Syſtem of Months, and is either Aſtronomical or Civil 

The Sydereal Tear is a Space of Time that flows while the Sun 
is moving from a Fixed Star or Planet, till it return to, or over- 
take the ſame Fixed Star or Planet again ; whence it comes to paſs 
that there are Two Sorts of Sydereal Tears, the one fixed the other 
moveable ; the fixed Sdereal Tear, is that Space of Time that elapſes 
betwixt the Conjunction of the Sun and any fixed Star, and the 
next Conjunction of the Sun with the ſame Star, which is always 
of the ſame Length, and contains 365 days 6 hor. 9 min. 14 ſec. | 

The Moveable Sydereal Year, is that which ariſes from the Con- 
janction of the Sun with any of the Planets, and is contained between 
that and the next Conjunction; this Year is unequal, being different 
according to the different Planets ; this Year with Saturn conſiſts of 
378 days 2 hor, 12 min. 13ſec with Jupiter it is made up of 398 
diys 21 hor. 12 min. 9 ſec. with Mars it made up of 779 days 22 
hor. 22 min. 40 ſec. Mean Time. 

The Tropical Tear, is a Space of Time that flows while the Sun 
is moving from any one of the Tropical or Equinoctial points, or 
trom any fixed point in the Ecliptic, till he returns to the ſame point 
again; this Year is likewiſe called the Natural Tear, and ſeems as 
if it were deſigned by the God of Nature for to meaſure Time by, 
and conſiſts of 365 days 5 hor. 48 min. 57 ſec. | 

But becauſe while the Sun is moving thro the Ecliptic, the Equi- 


noctial points themſelves are found to recede at the Rate of 50 - 
| con 


% 


The Elements of Choronology Rn 633 


conds; hence it is that the Sun requires 365 days 6 hor. 9 min. 14 
ſec. to return toꝰ the ſame point in the Heavens that he poſſeſſed the 
Year before; and this is called the Perioaical Solar Tear, and theſe 
are what are called Solar Nears. 

A Lunar Tear is a certain Syſtem of Months, and is either Com- 
non or Emboliſmic. A Common Lunar Near conſiſts of Twelve H- 
nodic Lunations, but the Emboliſmic of Thirteen, and each of theſe 
Years are either Mean or True, the Mean Lunar Year, which is 
that which governs the Year, and is what People make Ule of, con- 
ſiſts of 354 days 8 hor. 48 min- 38 ſec. and the Mean Emboliſmic Tear 
of 383 days 21 hor, 32 min. 41 ſec. the True Lunar Tear differs 
from the Mean Lunar Tear, and is ſometimes greater and ſometimes 
lefſer ; but this is not regarded in common Uſe. | 

Now inaſmuch as the Common Lunar Year which conſiſts of Twelve 
Syodick Months, or of 12 Lunations, conſiſts but of 354 days 8 hor 
48 min. 38 ſec- whereas the Sar Near conſiſts of 365 days 5 hor. 
48 min. 57 ſec. it is plain that the Solar Tear exceeds the Lunar Tear 
by 10 days 21 hor. oo min. 19ſec. and conſequently in the Space 
of about Thirty-three Years, the Beginning ot the Lunar Par will 
have moved thro all the variety of Seaſons, whence it is called the 
Moveable Lunar Near; and this Form of the Year is at this Time 
obſerved by the Turks and Arabs. And, 

Becauſe that in the Space of Three Years, this Difference between 
the So/ar and Lunar Tear amounted to 32 days 15 hor. do min. 57 ſec. 
therefore to keep the Lunar Months in the ſame Seaſons and Time of 
the Solar Tear, as near as poſſible, they added a whole Month every 
Third Year to the Lunar Tear, and made it conſiſt of Thitteen Months, 
by which Means the Beg nning of the Lunar Year was kept nearly 
in the ſame Seaſon, and this Year they called the Emboliſmic Tear, 
and the Month it ſelf the Emlolimæan or Intercalary Month, and theſe 
were called the Fixed Lunar Years, and were obſerved by the Greeks 
and Romans till the Time of Julius Ceſar. 

The Egyptians made Uſe of the Solar Tears, and made it conſiſt 
of 365 Days juſt, and this being leſs than the True Solar Near by ſix 
Hours nearly, hence it comes to paſs that by looſing a Day in every 
Four Years, in Four times 365 Years, that is in 1460 Years, (which 
was called the Great Canicular Year or Sothiacal Period) the Begin- 
ing of the Year had moved thro all the Seaſons, this therefore was 
called the Moveable Solar Near ; and is the ſame with the Year of Na- 


bonaſſar, of great Eſteem among the ancient Aſtronomers, made _ 
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of by Pto/omy, Copernicus and others and by the ancient Perſians, po 
the Space of 477 Years ; till by the Command of their Emperor 
Abb, Ai ſalam, about the Year 1079, they began to add a Day at the 
End of every Fourth or Fifth Year, and in 648 Years to include 
236677 Days, ſo that their Mean Year conſiſted of 365 days 5 hy. 
48 min. 53 lec- | 8 i : 

But Julius Cæſar lorg before this time, finding the Incon. 
veniencies that ariſe from this Method of Computation, and con- 
ſidering that it was neceſlary the Civil Tear ſhould always com- 
mence on the ſame Day, and at the Beginning of that Day, which 

1. would not do if the Six Hours were added to every Lear; and 
being High Prieſt among the Romans, did by the Advice and 
Alliſtance of Soſegnes the Mathematician, ſet about correcting the 
Year, and ordered that every Fourth Year ſhould have an Iutercalar) 
Day, which therefore ſhould conſiſt of 366 Days, and that this ad- 
ded Day ſhould be put in the Month of February, and becauſe in 
the Common Year the 24th of February in the Roman Way of Rec- 
koning, was the Sixth of the Xalends of March, he ordered that for 
that Year there ſhould be Two 6th5s, or that the 6th of the Kalend; 
of March ſho.ild be twice Reckoned ; upon which Account the Year 
was called Bextile, is made Uſe of by us at this very Day, and is 
called the Leap Tear. 

But becauſe the true Length of the Year conſiſts but of 365 days 
5 hor. 49 min nearly, hence it comes to pals that after this Way of 
Reckoning, at the End of every Four Years the Civil Tear will be- 
gin 44 Minutes ſooner than it did before, and conſequently by this 
Way of counting, in 131 Years it will anticipate one « hole Day ; 
ſo that if at any time the Equinoctial happened upon any one Day of 
the Year, it will happen atter the Term of 131 Years a Day ſoon- 
er, and this was the Reaſon why Pope Gregory the 13th of that 
Name, in theYear 1582, being willing to celebrate Eaſter according 
to the Original Inſtitution, and to keep up tothe Letter of the Order 
of the Nicene Council, which was held in the Year 325, ſet himſelf 
about retorming the Year, and finding that between the Time of the 
Nicene Council and his Time, that che Equinox had anticipated Ten 
whole Days, ordered that theſe Ten Days ſhould be taken out of the 
Kalendar that Year, and that the 117% Day of March ſhould be recko- 
ned as the 21ſt, and to prevent the Scaſons of the YEtfrom going 
backwards as they did before, he ordained that every Hundredth 
Year which in the Julian Form was to be a Biſextile, ſhould be a 
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common Year, and conſiſt only of 365 Days; but becauſe that 
was too much, every Four Hundredth Year was to remain B/Jextile ; 
This new Form of the Year being Eſtabliſhed by the Authority ot 
Pope Gregory himſeli, is called by the Name of the Gregorian Tear ; 
and is received in all thoſe Countries where the Pope's Authority is 
acknowledged, and in the Year 1700, it was received in ſeveral Pla- 
ces where the Reformed Religion is profeſſed. 

Beſides the Political Diviſion of the Month into Weeks, the Ro- 
maus according to the Inſtitution of Romulus, the Firſt Founder of 
their State, divided their Months after a peculiar manner, and that 
was this, the Firſt Day of every Month they called the Kaleuds , be- 
cauſe on that Day the Prieſt, whoſe Buſineſs it was to obſcrye the 
Moons, according to which they reckoned their Month, gave No- 
tice on theſe Days to the Preſident over the Sacrifices, and he called 
the People together, and declared unto them how they were to rec- 
kon the remaining Days of the Month, and which were the Proper 
Days ſet a-ſide for religious Uſes ; and the Day immediately prece. 
ding this they called the Pridie Kalendæ; that immediately preceding 
this they called the. Third of the Xalends ; the next immediately go- 
ing before they called the the Fourth of the Xalends, Cc. till they 
came to the Ide, of the preceding Month; the Day immediately 
ſucceeding the Kalends was called the 4th or the 6th of the Nones, 
accordinzas theMonths it happened in, for in the Four full Months of 
Romulus, viz. March, May, July and Oober ; the 7th Day from thence 
was called the Nones, and in the reſt of the Months which were called 
Hollow Months, the 5th from that Day was the Noues; and the 8:h 
Day from the Nones, which was the 15% Day in the full Months and 
the 13th in the reſt, was called the [des ; and theſe as wel! theKalerds 
were all Nambred in an inverted Order; and the next Day before 
the AVones or Ides was called Pridie None or Pridie Ius and that 
which immediately preceded, was called the 2d Day, Cc. according 
to the following Lines. 

Prima dies menſis cujuſq eſt dicta Kalendæ, 
Sex Nonas Majus, October, Julius et Mars, 
Quatuor at reliqui : dabit Idus quilibet Octo 
Inde dies reliquos omnes dic eſſe Katendas. 
Quas retro Numerans dices a menſe ſequente. 

And this way of Reckoning was followed by all the Latin Church- 
es and is made Uſe of by the Church of England at this Day, tho 
for Civil Uſes we as wellas the reſt of Europe, reckon our Days ac- 


cording to the Place they obtain in the Month. 
Nnunn “ From 
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From this Cuſtom of calling the Firſt Day of every Month the 
Kalends of that Month, we have been led to call thoſe Tables Ka- 
lendars, in which are ſet down all the Days of the Year in a regular 
Diſpoſition according to their Months, each Day of every Week be- 
ing diſtinguiſhed from another by one of the Firſt Seven Letters of 
the Alphabet, viz, 4, B, C, D, E, F, G, the firſt of which 4 
is placed againſt the 1ſt of January, the ſecond B is placed againſt 
the 24 Day of Januar), the third Letter C againſt the 3d Day of 
January, and ſo on to the ſeventh Letter & which is placed againſt 
the 7th Day of January; after which the Letter A is placed againſt 
the 8:4, the Letter B againſt the 9th, the Letter C againſt the 10th, 
&c. to the End of the Year ; whence it comes to paſs that whatſoe- 
ver Letter happens to be placed againſt any Day of any Week, the 
fame Letter will point out that Day throughout the whole Year : 
Thus, if the x/t Day of January, againſt which the Letter A is pla- 
ced be a Sunuay, all the Days in the Kalendar that bave an 4 put to 
them will be Sundays; in like manner if the 3d of January againſt 
wh ch the Letter C 1s placed, happen to be a Sunday, the Letter C 
will point out all the Szzdays throughout that Year; and this Let- 
ter whichſoever it is, is called the Dominical or Sunday Letter for 
that Year; and for the ſame Reaſon whatever Letter is joyned 
to the firſt Monday in January, the ſame as often as it is repeated in 
the Kalendar, ſhews all the Moxdays in that Year. 

But becauſe the common Year conſiſts of 365 Days, which is e- 
qual to 52 times 7 and one over, =_ it is that the Letter that 
ſtands againſt the firſt Day of the Year, will ſtand againſt the laſt 
Day; and if the Year begin on a Sunday it will end on a Sunday, 
and the firſt Day of the next Year will be a Monday; and the Sunday 
will tall on the 7th Day of January, to which is annexed the Letter 
E, which therefore will be the Sunday Letter for that Lear; and ſince 
the Year began on a Monday it will alſo end on a Monday, and the ſuc- 
ceeding Year will begin on a Tueſday, and the 1/ Sunday of the Year 
will fall on the 6th of January, againſt which Day is put the Letter 
F, which is the Sunday letter for that Lear; and for the ſame Reaſon 
the Sunday Letter for the next Year will be E, for the Year after that 
D, and thus the Suůãè day Letter will continually change, in a ſucceſſive 
but retrograde Order, till it has gone thro all the Series ot Letters, 
after which it begins again of a new. ON 

If the Year conſiſted of 365 Days exactly, after a Period of Se- 
ven Years, the ſame Day of each Month would fall on the ſame My 
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of the Week, but becauſe of the Intercalary Day, every fourth Year 
conſiſts of 366 Days, which is equal to Seven Weeks and Two 
Days over; hence it is that it that Year begia with a Sunday it will 
end ou a Monday, and the next Year will begin on a Tueſday, and 
the firſt Sunday of that Year will fall on the 6th of January, to 
which is annexed the Letter F, which will be the Domznical Letter 
for the Year following the Leap-Year, whoſe Dominical Letter was A; 
and inaſmuch as the Leap-Tear returns every 4th Year, the Series of 
Dominical Letters ſucceeding each other is interrupted, and does not 
return in Order till after Four times Seven or Twenty-eight Years: 
And hence ariſeth the Cycle of Twenty-eight Years, which is the So- 
lar Cycle, which being compleated, the Days of the Month return 
in the ſame Order to the ſame Day of the Weck. 

And becauſe in every 4th Year the Intercalary Day is placed be- 
tween the 23d and 24th of February, making thereby two 24ths of 
February, hence it is that the 24th and 25th of February according to 
our way of counting, are eſteemed as one and the ſame Day, and 
have the ſame Letter annexed to them, whence the Order of the Sunday 
Letter at that time is interrupted, and the ſucceeding Letter takes 
Place; thus if the Sunday Letter be A, the 24th of February will fall 
on a Tueſday and the 25th on a Wedneſday ; and inaſmuch as both 
theſe Days are marked in the Kalendar with the Letter C, the follow- 
ing Day which is Thurſday will be marked with the Letter D, the 
next after that which is Friday with the Letter E, the Saturday with 
the Letter F, and the ſucceeding Sunday which before was marked 
with the Letter 4 will now have the Letter G annexed to it; 
which Letter will continue ro point out all the Sundays, and conſe- 
quently will be the Dominical Letter the remaining part of the Year; 
and hence it is that the Leap Tear has two Dominical Letters belong- 
ing to it, the firſt of which ſerves from the beginning of the Year til! 


the 24th or 25th of February, and then the ſecond takes Place and 
ſerves for all the reſt of the Lear. 


As the firſt Year of the Solar Cycle was placed in a Leap Year, hence 
the Dominical Letters anſwering to it are & and F, whence the Suns 
day Letter for the ſecond Year ot the Cycle will be E, for the third 
D, for the fourth C, and becauſe the fifth Year of the Cycle is 2 
Biſſextile, the Dominical Letters belonging to it will be B and 4, 
whence the Dominical Letter for the 6th Year will be &, and for the 


reſt of the Years of the Cycle as in the following Table. 
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Hence the Year of the Cycle being known, the Dominical Letter 
is eIſily had, | 

An4if the Number of Years elapſed between the Commence- 
ment of any Cycle and any other given Time be divided by 19, the 
Quct'ent will ſhew the Number of Ocles paſt, and the Kemair der 
the Current Year of the Cycle, | 

If the C;c/e had commenced with the Chr ſtian Era, that is if 
the Lettet F had been placed in the Eccleitaltical Kalendar againſt 
the 1ſt Day of January, then to have found the Dominical Leiter 
we had had no more to do but to have divided the Year by 28, 
and tke Remainder would have given us the Dominical Letter for 
that Year ; bur becauſe the Firſt Year of Chriſt happened on the 1075 
Ye:r of the Cycle, as it had been before ſettled; therefore 

To find ch- Year of the Cycle of the Sun for any Year of the Chri- 
Nan Era. | 

To tue given Year we muſt add 9 and divide that Sum by 28, 
then will the Quotient ſhew the Number of Cycles that have revol- 
ved ſince the fiiit Year before Chriſt, and the Remainder if there be 
any, will ſhew the {current Year of the Cyc/e ; but if there be no 
Remai:der ir ſhews that that Year is the laſt, or the 287h Year of 
the current Solar Cycle: So that if it be required to find what 
Year of the Solar Cycle the Year 1723 is, and what is the Dominica! 
Letter, 

To the given Year 1723 I add 9, and divide the Sum 1722 by 28, 
the Quotient 61x ſhews me that there has elapſed ſi ce the Year be- 
fore Chriſt 61 Cycles, and the Remainder 24 ſh:ws me thar it is 
the 24th Year of the current Cycle, whence the Dominical Letter 
will be found to be F, | 

Bur the Dominical Letter may be directly found without the 
help of the Cyc/ean Table. It 
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It has been already ſhewn that if the Year conſiſted of 365 Days 
exactly, after a Period of 7 Years the Dominical Letters would return 
in the ſame Order, and each Day of the Month would fall on the 
ſame Day of the Week, and conſequently if the Number of Years 

iſt from any fixed Time were divided by 7, the Remainder would 
thew the Lominical Letter from the Letter in the fixed Year, in a 
retrograde Orders 

Bur inaſmuch as in every 4th Year there is an additional Day, 
therefore to find the Number of Periods of the Dominical Letter 
for any fixed certain Number of Years we muſt add to the Num- 
ber of Tears paſt, (one fourth part of the ſam ) rejecting the Re- 
mainder if any there be, ſince the additional Yeir is made at the 
End of the fourth Year, and divide the Sum by 7, then the Quotient 
will ſhew the Number of Periods, and the Remainder the Surplus: 
Thus for Example, luppoſe it were required to find the Number of 
Periods of the Dom nical Leiter in 1723 Tears, to the Number 172 3 
add its 4th 430, rejecting the Remaiader3, the Sum 2153 I divide 
by 7, and the Quotient 397 ſhews me that there has been ſo many 
Revolutions, and the Remainder 4 the Surplus. x 

Now if the Solar Oele had been made to commence at the ſame 
Time with the Ch-7/tian Era, then inaſmuch as there is 1723 Yeais 
paſt ſince the Beginning ot the ſame Era, the Surplus 4 would haie 
given us the Dominica Leiter in a retrograde Order from A the 
fiſt, and conſequently the Letter would have been C.; but becau'e 
the Chr iſtian Era commenced in the 10th Year of the Solar Cycle 
when the Dominical Letter was B, therefore it from C (excluſive) 
the Dominica! Letter for the preceding Year we count 4 the Surplus 
ia a retrograde Ocder, viz. B, A, G, to F or from C, its Comple- 
ment to 7, in a dire Order, as D, E, F, weſhall have F for the 
Dominical Letter for the Year 1723 propoſed ; wherefore to find 
the Dominical Leiter for any other Year ſince Chriſt. 

To the Year add its fourth, and divide the Sum by 7, if nothing 
remain, the Dominical Letter is C, bur if there be any Remainder 
count it backwards from C, or its Difference from 7 forwards from 
the ſame Letter, and you will have the Domi nical Letter; but becauſe 
the Letter C is the fourth in the retrograde Order trom G, the lalt of 
the Dominica! Letters, therefore it ro the Year you add its 4th and 
4, and divide that Sum by 7, if nothing temain the Dominica! L2'- 
ter is G, but if there he any Remainder it ſhews the Letter in a te- 


trogtade Order from G, aud being ſubſtracted trom 7 will give the 
Or- 
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Order or Place of the Letter from the Sear of A; which Rule is ex. 
preſo d by Street in his memorial Verſes, thus; 


Divide the Tear, its Fourth and Four by Seven, 
What's left ſub$tratt frem Seven, the Letter'sgiven. 


h Reckonning for 1 A, for 2 B, for 3 C Cc. 

So that if by this Rule it were required to find the Dominical 
Letter for the Lear 1723. 

To 1723, add its 47% 430, and 4, the Sum 2157, being divided 
bb 7 will give 308 for the Quotient, and 1 for the Remainder, which 
yeing ſubſtracted from 7 w.ll leave 6 tor the Seat of the Dominical 
Letter, from A incluſive, and conſequently tha Letter will be E. 

But becauſe the Dominical Letter in ihe ſecond Year of the Chr; 
flian Era was A, if from the Year we ſubſtract 1, and to the Re. 
mainder add its 47%, and divide the Sum by 7, the Remainder if 
any there be, taken from 9, will give the Dominical Letter, count- 
ing A for 1, B for 2, Cc. but if there be no Remainder 4 will be 


the Dominical Letter. 


Thus if from 1723 I take 1, it will give 1722, and if to this I add 
its 4zþ 430, the Sum 2152 divided by 7, will leave 3 for a Re- 
mainder, which taken from 9 will leave 6 for the Alphabetical Or. 


der of the Letter which therefore muſi be F. 


TheDominical Lerter being known it will beeaſy to find upon what 
Day of the Week that Year begins, for if the Dominical Letter be 
A the Year begins on a Sunday, if it be B it begins the Day befote 
Sunday or on 2 Saturday, it it be C ona Friday, &c. and conſequent- 
ly in the preſent Caſe when the Dominical Letter is Fit mult begin 
ON A Tueſday. 

Or if the Remainder after the Divifion of the Year its 4th and 4 
be reckonned from Monday, it will give the ſame Day; thus in 
the former Example, where the Remainder was 1, it ſhews that the 
Year begins the next ſucceeding Day or Tueſday, and ſo for the 
reſt; and by proceeding aiter this manner we may eaſily find upcn 
what Day of the Weck the fitſt Day of every Month will happen, 
me 1 upon what Day in the Week any Day in the Lear 
will fall. | 

As the Periodical returns of the Sun and Moon are found to be 
conſtantly the fame, the Moon moving with near thirteen times the 
velocity of the Sun; hence it muſt come to paſs that aſter a cer. 

| | tain 
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tain Number of Revolutions they muſt neceſſarily meet in the ſame 
oint of the Heavens, and this was firſt pronounced by Meton the 
Athenian, to happen once in Nineteen Years juſt, and is therefore 
called the Metouic Cycle, and was of great Uſe among the Ancients, 
for adjuſting of the times of the New and Full Moons. 
For inaſmuch as according to this Period the New and Full 
Moons happen on the ſame Day, and at the ſame time of that Day, 
after a Space of 19 Years, if the time of the New and Full Moons 


de had for any Term of 19 Years, the times of the New and Full 


Moons for any Year paſt or to come is given alſo. 
And therefore at the Time of the Council of Nice, when they were 


i about ſettling the Time tor the Celebration of Eaſter, this Cycle was 
had in ſo great Eſteem that they founded their Eccleſiaſtical Compu- 
tation upon it, and finding by Obſervation that in the firſt Year of the 


Cycle the New Moons happened upon the 23d of January, the 21/6 
of February, the 23d of March, &c. againſt thoſe Days in the firſt 
Column of the Kalendar they put the Number 1, and finding that 
in the 2d Year of the Cycle, the New Moons happened upon the 
12th of January, the 10th of February, the 12th of March, &c. a- 
gainſt theſe Days in the Kalendar they writ the Number 2, and a- 
gainſt the 1ft of January, the 3d of February, the 1/8 of March, &c. 
on which Days they obſerved the New Moons to be celcbrated, in 
the 3d Year of the Cycle they annexed the Number 3 ; and after 
the ſame manner to every Day in the Year during the whole Cycle 
on which they found the New Moon to happen, they inſcribed the 
Number anſwering to the current Year of the Cycle ; whence it 
comes to paſs that by knowing in what Year of the Cycle any Year 
happened, the Days on which the New Moons happened during 
that whole Year, were had by Inſpection, for by finding the Year of 
the Lunar Cycle in the firſt Column of every Month in the Kalen- 
dar, againſt that Number we ſhall have the Day of that Month on 
which the Change ot the Moon happens, and for this excellent Uſe 
of theſe Numbers they were wont to be ſet in Golden Letters in the 
Kalendar, and from them the Year of the Cycle for any Year was 
called the Golden Number of that Year, but in our Litzrgy it is cal- 
led the Prime. 

And in order to find the Year of the. Cyele or the Golden Number, 
divide the Year of the Julian Period (which will be explained here- 
after) by 19, and the Remainder will ſhew you what Year of the 
Cycle the Current Year is, but becauſe the firſt Year of the Chriſtian 


Era happened inthe ſecond Year of the Lunar Cycle ; therefore if 
to 
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to the Year from Chriſt be added 1, and that Sum be divided by 19, 
the Quotient will ſhew how many Cycles have revolved ſince the 
Commencement ol the Chriſtian Era, and the Remainder will hew 
what Lear of the Cycle the given Year is; but if nothing remain 
then the given Year is the lalt Year of the Cycle, and the Prime vr 
Golden Number is 19. 7 22 

And herice we ate taught a ready way of finding on what Day of 
any Month, in any Year the New Moon will happen, for by finding 
the Prime or Golden Number for that Year, and ſearching for that 
Number in the frſt Column of the given Monchin the Kalendar, 
right againſt will ſtand the Day of the Month required. 

As ſuppoſe ir were required to find on what Day of March in 


the Year 1723 the New Moon will be celebrated. 


To the given Year 1723 | add 1, and divide the Sum 1724 by 
19, the Remainder 14 ſhews me that it is the 147% Year of the Lu- 
nar Cycle, and that therefore the Prime or Golden Number is 14. 

Entering therefore the firſt Column of the Month of March in the 
Kalendar, with the Number 14, I find it to ſtand againſt the 3075 
Day, which ſhews that upon that Day the Moon changes: After the 


fame manner by ſeeking tor the ſame Number 14 in the ficit Co- 


lumn of the Months of Fanuary, February, April, &c. I find that ac- 
cordivg to this Computation the New Moons happen the 3orh of 
January, the 28th of February, the 28th of April, &c. and hence 
the Day of the Month being known the Age of the Moon on that 
Day was known alſo. 

Hence we are tavght a very ready waycf finding in whatMonth, and 
on what Day of the Month EH Day falls on in any Year, according 
to the Decree of the Nicene Council, which was firſt that Eaſter 
Day (ſhould be celebrated a! ter the Vernal Equinox, which then hap- 
pened upon the 21 Day of March, ſ.ccndly that it ſhould be kept 
after the 14h Day of that Moon, which ſhould happen aſter the 21/7 
of March, and thirdly that the Sunday immediately following thit 
11th Day ſhou'd be Eaſter Sunday; ſo that if it were required to 
find in what Month and on what Day of the Monit-E:ifter Day 


would happen in the Year 1723 of the Chriftian Era. 


I ſearch fur ihe Golden Number 14. in the firſt Column of the 
Month of March in the Kelendar, and find that ir ſtands againſt 
the 30th Day of the Month, counting therefore from thence 14 Days 
inclufive, I find that th Paſchal Full Moon happened upon the 1250 
Day of April, againſt which ſtands the Letter D, and —— 
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day Letter for the ſame Year is F, it ſhews that the next Day or 
the 14th of April is Eaſter Day. Again. 

Suppoſe it were required to find on what Day of the Year Eaſter 
Day falls in the Year 1731, when the Golden Number is 3 and 
the Dominical Letter C. 

Entering the Kalendar in the Month of March, I find the Num- 
ber 3 to ſtand againſt the 1/7 Day, from which reckonning 14 Days 
1 find that the next Fall Moon happens on the 14th Day of the 
ſime Month, which becauſe it precedes the 21ſt Day, I ſearch 
again in the ſame Month, and find that the Number 2 ſtands againſt 
the 3: Day of the ſame Month, which is therefore the Day of the 
Commencement of the Paſchal New Moon, from whence counting 
14 Days, I find that the Paſchal Full Moon happens on the 13th 
Day of April, againſt which ſtands the Letter E, but becauſe the 
Dominical Letter is C, therefore Eaſter Day falls upon the 18rh Day 
of the ſame Month; and this Rule is ſtill kept by our Church, 
which ordains that Eaſter Day is always the firit Sunday after the 
firſt Full, Moon which happens next after the 21 Day of March; 
and if the Full Moon happens upon a Sunday, Eaſter Day is the 
Sunday after : where it is to be underſtood, 

1. That in Leap-year inſtead of the 21ſt of March we muſt uſe 
Merch the 20th. 

2. Thar the Full Moon meant is the 1 475 Day of the Moon, ac- 
cording to the Kalender in the Common Prayer Book, counting that 
Day tor the firlt of the Moon which hath the Golden Number of 
the Year collateral to it in the firſt * of the ſaid Kalendar. 

nd, 

3. That theſe words (next after the 2 iſt of March) are meant 
inclufively, as if it had been ſaid (next after the Commencement of 
March the 21ſt) ſo that if the Full Moon happens on March the 21/, 
the {ame muſt be thePaſcha/ Full Moon; whence it comes to paſs that 
whereas the Paſchal Full Moon can never happen before the 21/ of 
March and after the 1875 of April inclufively, Eaſter Day can never 
happen ſ-0net than the 22d of March, nor later than the 25th of 
April incluſively. | 

But becauſe the Lunar Synodical Month conſiſts but of 29 days 
12 hor, 44 min, 02 ſec. therefore 235 Lunations, which are tac 
Number of Lunations that happen in 19 Zulian Tears, are performed 
in 6939 days 16 hor, 31 min. 45 ſec. whereas 19 Falian Tears are 
equal to 6939 days and 18 hours, ſo that 235 Lunations are leſs 
Oooo * than 
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tian 19 Julian Years by x hor. 28 min. 15 ſec. and conſequem ly, the 
New Moons after 19 Julian Tears will not return to the ſame Hour 
of the Day, but will happen 1 h. 28 m. 15 ſ. ſooner which in the 
Spice of 310 Years will amount to one intire Day, whence it comes 
to paſs that in the Space of 310 Years, the New Moons wilt ani. 
cipite one Day; and conſequently fince the time of the Counc;! 
of Nice which was in the Lear 325, that is during the Space of 
1398 Yea!s they have anticipated above tour Days and an half, ſo 
that if in the Lear 325 when the Kalendar was firſt compoſed, the 
New Moon happened upon the iſt of March, which by the 
Church Kalendar ir appears to have done, in the Year 1723 it will 
happen between the 24th. and 25th of February, and in the firſt 
Year of the Chriſtian Era it was celebrated upon the 24 of Mrch, 

Ard inaſmuch as the Compilers of the Kalendar did not fo much 
conform themſelves to the Aſtronomical Methods of computing the 
New Moons as they did to the Cuſtom of the ems, who follow. 
ed the vulgar way of Reckoning, and counted the Age of the Moon 
not from the time of its Conjunction with the Sun, but from the 
firſt Day of i:s Appearance, which could never happen till the next 
Day after the Change, hence the times ſet down in the Kalendar 
are later than the true times by 5 Days and an half at preſent, 
and will continue to fall later a Day in 310 Years, ſo that in the 
Year 1875 they will happen 6 Days later than the true and 
Aſtronomical New Moon, and are therefore for Diſtinction ſake 
called he Eccleſiaſtical New Moons, 

Wherefore inaſmuch as the times of the New Moons pointed out 
by the Kalendar, were not the times when the New Moons hap- 
pened, but the times when the Moon firſt appear'd, which was the 
firſt Day after the Change, or when ſhe was one Day old; therefore if 
from the time of the Eccleſiaſtical New Moon be taken 5 Days and 
an half, it will ſhew the time of the Aſtronomical New Moon ar 
this time; thus the time of the Aſtronomical New Moon in March 
1723, will be found by reckoning 5 Days and an half backwards from 
the 30th Day of March, which is the time of the Ecclefiaſtical New 
Moon in the Kalendar, to happen between the 24% and 25th Day, 
which agrees as near as ſuch a manner of computing can well 
do, for the true Aſtronomical New Moon happens on the 24th Day 
ar 20 hor. 48 min. nearly. 

Twas in Conformity to the Cuſtom of the Fews, who were 
commanded by God himſelt (as ne may real in the 125) of Exodus 
| and 
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and at the 67% Verſe, and again in the 23d of Leviticus and at the 5th 
Perſe) to celebrate the Paſſover in the firſt Month, and on the 14:h 
Day of that Month in the Even, that our Primitive Fathers ordered 
that the 14th Day ot the Moon from the Kalender New Moon, 
which immediately follows after the 2 14 of March, at which time the 
Vernal Equinox happened upon that Day ſhould be deemed the Paſchal 
Full Moon, and that the Sunday after (becauſe our Saviour Roſe 
upon the Day after rhe Jewiſh Paſſover) ſhould be Eaſter Day, and 
tis upon this Account that our Rubric has appointed it upon the 
firſt Sunday after the firſt Full Moon (becauſe the 14th Day of the 
Jewiſh as well as the Ecclefaſtical Moon, was the 15th Day of the 
Aſtronomical Moon, and conſequently the Day of the Full Moon it 
ſelf) immediately tollowing the 21/8 Day of March, upon which 
Day at that time the Vernal Equinox happened; whence it appears 
that the true time of celebrating Eater, according to the Origi- 
nal Inſtitution of the Feaſt of the Paſſover, as well as according to 
the intent of the Council of Nice, was to be the firſt Sunday af- 
ter the firſt Full Moon immediately following the Vernal Equinox, or 
when the Sun entered into the firſt point of Aries ; and this was the 
Principal View (that is the Celebration of Eaſter according to the 
intent and meaning of the Nicene Council) that Pope Gregory had, 
when he reformed the Kalendar, tho he miſled his Aim, and is 
what the Proteſtant Body in Germany, happily accompliſhed in the 
Year 1700, when they conformed themſelves to the Gregorian Tear, 
and *tis for want of this Reformation in Exgland, that in this preſent 
Year 1723, we celebrate Eaſter on the 14th of April, when in reali- 
ty, and according to the Original Inſtitution, it ought to be kept on 
the 17th of March Old Stile, upon which Day it is obſerved in all 
the Chriſtian Churches where the New Stile is received. 

It has been already ſhewn (in Page the 6334) that the Solar Year 
exceeds the Lunar Year by 10 days 21 hor. oo min. 19 ſec. or 11 
Days nearly, theſe therefore are called the Intercalary Days or Epacts, 
and are of very great Uſe in adjuſting the Length of the Lunar Year 
to the Solar, and in finding how long time has elapſed from the pre- 
ceding Conjunction in any Lunation, at any time propoſed, which 
is called the Age of the Muon at that time. 

For inaſmuch as the Lunar Year is leſs than the Solar Year by 11 
Days in round Numbers, if the dun and Moon happen to be inConjun- 
ctionſon the laſt Day of any Year, at the End of the next Lear the Moon 
will be paſt the Conjunction by 11 Days nearly; at the End of Two 
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Years it will want 22 Days; but becauſe at the End of Three Years 
it amounts to 33 Days, it ſhews that in that Year there has been 
13 Conjunctions or New Moons and Three Days over; whence 
it appears that at the End of the fourth Year, the Moon will be paſt 
the Conjunction 14 Days; at the End of the 5th Year 25 Days, Os. 
conſtantly increaſing by Eleven * per Annum, till after the End 
ot Nineteen Years it becomes the ſame as it was Nineteen Years be- 
fore; and the ſame Series of Epacts return, and the Day of the Lu- 
nation is the ſame as formerly. 

Hence it appears that the Epact᷑ for any Year being known, the 
Epa# for any Year paſt or to come may be found readily, for it the 
Lunar Cycle happen to commence from that Year in which the Con- 
jun&ion of the Luminaries, or the time of the New Moons hap- 
pened on the laſt Day, or on the 3 1½ Day of December, of the prece- 
ding Year, then the Epati for the firſt Year of the Cycle will be 11, 
for the ſecond Year 22, for the third Year 3, for the fourth Year I4, 
for the fifth Year 25, Cc. conſtantly increaſing by it; hence it 
is manifeſt, that to find the Eyact for any Year of the Cycle, we 
have no more to do but to multiply the Year of the Cycle (which is 
called the Golden Number for the Current Year of Chriſt) by rx; and 
divide the Product by 30, and the Quotient if there be any, will 
ſhew how many Embolimean or Intercalary Months has happened ſince 
the firſt Year of the Cycle, and the Remainder the Epact for that 
Year, or Number of Days between the laſt Day of the former Year, 
and the immediate preceding Conjunation or New Moon: Thus it 
it be required to find the Epaf for the given Lear 1723, or Number 
of Days elapſed between the 31/7 Day of December 1722, and the 
Day of the immediate preceding New Moon, b:cauſe the given Year 
1723 is the 14th Year of the Cycle, that is the Golden Number for 
the 1723d Year of the Chriſtiru Era, I multiply the Golden Number 
14 by 11, and becauſe the Product 154 exceeds 30, I divide it by 
30, and the Quotient 5, ſhews me that there has been 5 Intercalary 
Lunar Months ſince the Commencement of the Cycle which was in 
the Year 1709, and the Remainder 4, ſhews me that on the 3 1/ 
Day of December 1722, the Moon was 4 Days paſt the Conjun- 
&ion, and that therefore the Eyact for the preſent Year 1723 is 4. 

And hence we are taught how to find on what Day of any Month 
the New Noon will happen. 

For inaſmuch as the Synodical Month or time between any two 
immediate Conjunctions of the Luminaries is equal to 29 days 12 
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min, or 29 Days and an half, and that rhe Epad for any Year ſhews 
us how many Days are elapſed between the laſt Day of the prece- 
ding Year and the next preceding Conjunction to that Day, it from 
29 Days and a half be ſubſtracted the Epat? for any Year, che Re- 
mainder will ſhew us on what Day in January the next New Moon 
will happen; and becauſe the Month of Fanzary conſiſts of 31 
Days, which is more than the Synodrcal Month by one Day and an 
half, if ro the EpaZ for the Year, we add 1 Day and a half, and 
ſubſtract that from 29 Days and an half, we ſhall have the Day 
of the New Moon in February, and becauſe in common Years the 
Months of January and February do make up juſt two Synodical 
Months or 59 Days, the Epad tor the Year will ſhew how many 
Days it is paſt rhe Næ Moon on the laſt Day of February, and be- 
ing therefore taken from 29 Days and a half, will give the Day 
of the New Moon in March; and thus by increaſing the Epad con- 


tinually, by the Exceſs of the Month above a Synodical Month, and 


ſubſtrating that Sum from the Length of the Synodical Month, we 
ſhall have the Day of the Change in any Month, and by adding 
14 Days and three quarters to the time of rhe New Moon, we ſhall 
have the Day when the Full Moon will be celebrated; but to 
to avoid Fractions, in the common Method of Calculation they al- 
low 30 Days to the Synodical Month, and for February they allow 


2, for March 1, for April 2, for May 3, for Zune 4, for Fuly 5, 
for Auguſt 6, for September 8, tor Ollober 8, for November 10, and 


December 10, and makes the Epact to take Place on the 1/ of Fan- 


#:ry ; and by proceeding after this manner we ſhall find the New 
Moon in January 1723, to happen on the 26th Day. in the Month 
o February in the ſame Year, on the 24) Day in the Month of 
of March, on the 25th in the Month of April, on the 24th in 
May, on the 23d in Fane, on the 22d in Zuly, on the 21f in Au- 
guſt, on the 2cth in September, on the 18!h in October, on the 181h 
in November, and on the 161b of December, which ſeldom differ 
above half a Day from the true Conjunttion, and ſometimes agree 
pretty well with ir, and are therefore exact enough for common 
Uſe: And if to each of theſe times thus found, we add 15 Days, 
we ſhall have the times of the ſucceeding Full Moons. 

And inaſmuch as the Epat for the Year as has been before taken 
Notice of, ſhews us how many Days has happened between the laſt 
Day of the preceding Year and the immediate preceding New Moon, 


and is therefore equal to the Age of the Mcon, at that time, if iz 
de 
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be required to find the Age of the Moon any Day in January we 
have no more to do but to add the Day of the Month to the Epag 
and the Sum if it be leſs than 30, will ſnew the Moons Age; but if 
the Sum be more than zo the Exceſs above 30 will give the Age of 
the Moon; thus in the Year 1723, where the Epat# is 4, the Moon 
will be found to be 24 Days old on the 20thof January, but on the 
28th of the ſame Month it will be found to be 2 Days old, ſince , 
and 28 makes 32, which exceeds the Synodical Month by 2, and 
if to the ſame Epatt we add 2 for the Month of February, 1 tor the 
Month of March, 2 tor April, &c. we ſhall have the Age of the 
Moon at the Beginning of every Month, and if to that Sum there- 
fore be added the Day of the Month when the Age is required, if 
the Sum be leſs than 3o it will be the Moons Age, bur if it more 
than zo, then che Exceſs above 30 will give the Age required; as is 
abundantly manifeſt from what has been ſaid 
But becauſe the New Moons do not return at the End of Nine- 
teen Years, exactly at the ſame time of the Day, but 1 hor. and 28 
min. nearly ſooner than they did before, and that of Conſequence in 
310 Years they will anticipate one whole Day ; hence it comes to 
paſs that the Annual Epatt it ſelfvaries, and that in the Space of 
310 Days it will be increaſed one Day, ſo that if I was to find 
the Age of the Moon on any Day of the Year 325, to which the 
Eccleſiaſtical Kalendar is fitted, when according to the common Me- 
thod of Computation the Epact is 3, inſtead of ſaying add to the 
Epaft the Day of the Month, and for January o, for February 2, 
for March 1, for April 2, Cc. we muſt (ay, add to the Epact the 
Day of the Month, and for January ſubſtract 4, (becauſe ot the An- 
ticipation which is four Days ſince that time) for February 2, for 
March 3, for April 2, for May 1, ag oo; o, and for July add 1, 
Cc. and if we were to find the Age of the Moon in the firſt Year of 
Chriſt, which was 324 Years before that, we muſt ſay, ſubſtract 5 
for January, 3 for February, &c or which is the ſame thing we 
mult find the proper Epa& for that Year by ſubſtracting 4 from the 
Epact found after the common Method, which reduced it to 28 
and 5 from 22 the Epact, forthe firſt Year Current of Chriſt, which 
will give us 17 for the Ea for that Year, and then we muſt pro- 
ceed as before. In like manner, if we were to find the Age of the 
Moon in any Month of the Year 2002, when the Epact according 
to the common Method of Computation is 26, we muſt either add 
to the Epact found, which will give us 27 for the true Epat? = 
ü that 
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that Year, and then proceed according to the General Rule ; or elſe 
it we will mate Uſe of the Epact 26, we muſt ſay, inſtead of ad- 


| ding for January o, for February 2, for March 1, &c. we muſt ſay, 


for January add 1, for February 3, for March 2, &c- and the ſame 
Law muſt be obſerved at all other different times: thus the Age of 
the Moon on the firſt of February in the Year 13, will be found to 
be 2 Days, on the firſt of February 1723 it will be found to be 7 
Days, and on the firſt of February 195 l it will be found to be 8 
Days; in each of which Years, the Epact according to the common 
Method of Computation will be 4. 

By the help of the Epat#s thus determined, may the time of the 
Paſchal Full. moon be found, and from thence and the Dominical Letter 
the Day on which Eaſter happens. 

For inaſmuch as in the preſent Age, the Epadct is equal to the 
Age of the Moon, on the laſt Day of Febzuary fave one, if we take 
the Epact from 28, the Remainder will ſhew us on what Day in 
March the A#Fronomical Næu-moon will happen, and if to this we add 
15, the Sum will give us the Day of the Aſtronomical Full-moon ; and 
becauſe the Aſtronomical Full. moon is 4 Days ſooner than the Eccle- 
fiaſtical Full- moon, if to the laſt Sum we add 4, we ſhall have the 
Day of the Eccleſiaſtical Full-moon, which is uſually called Eaſter Li- 
mit; that is, if from (the Sum of 28, 15, and 4 which is equal to) 
47, we take the Epact for the Year, the Remainder will give us the 
Day of the Ecclefiaſtical Full-moon or Eaſter Limit, reckored from the 
1/t March incluſive ; thus in theYear1723, when the Epa#t is 4, Eaſter 
Limit will be equal to 47 leſs 4, equal to 43; fo that the Ecclefnſti- 
cal Full-moon talls on the 12th of April, and becauſe the Sunday 
next ſucceeding the Limit is Easter Day, and the Dominical Letter 
ſtanding againſt the firſt of March in the Kalendar isD, if we count 
the Number of Letters between D and the Dominical Letter for 
the given Year in a direct Order, it will ſhew us how many Days 
after the Paſchal-Full-moon Eaſter Day happens, this being therefore 
added to the Day af the Paſcha! Full. moon, will ſhew us on what 
Day of the Month Eaſter Day falls; thus becauſe in the Year 723, 
the Dominical Letter is E, which is the ſecond Letter in the Alpha- 
betical Order from E excluſive, if we add 2 Days to Eaſter Limit 
which is 43, the Sum 45 reckoned from the firſt of March incluſive, 
or if we count 2 Days from the 12% of April excluſive, which is 
the Day of the Paſchal Full-moon, it will give us the 14th Day ot 
April tor Eaſter Day; but inaſmuch as the Letter D which ſtands a- 
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gainſt the firſt of March in the Kalendar, is the fourth Letter in 
the Alphabet; if ro the Dominical Letter tor the given Year be ad- 
ded 4, if the Sum be leis than 7, it ſhews us on which Day of the 
Month the firſt Sunday in March falls; if the Sum be greater than 7 
it ſhews us on what Day of the Month the ſecond Sunday happens 
this therefore taken from Eaſter Limit, ſhews us how many Days 
it is from that Sunday to the Paſchal Full. moon, this Remainder there. 
fore taken from the next greateſt Number of Sevens, will ſhew us 
the Number of Days between the Paſchal Full- moon and the ſuc- 
ceeding Sunday, which therefore being added to Eaſter Limit, will 
Mew us' in how many Days from the firſt of March incluſive, and 
conſequently on what Day of the Month Eafter Day falls. Thus, 
In the former Example, where the Dominical Letter is F, if to 
the Number 6, which anſwers to the Scat of this Letter in the Al- 
phabet, be added 4, the Sum 10, ſhews us that the 2d Sunday 
in March happens on the 10th Day; this therefore taken from 43 
which is Eaſter Limit, will give 33 for the Number of Days between 
the 2d Sunday and the Paſchal Full moon, this laſt Remainder 33 
- therefore taken from 35 the next greater Number of Sevens, will 
leave 2 for the Number of Days between the Paſchal Full moon and 
Eafter Day, t e ſame as was before determined; whence it follows, 
that Eaſter Day will happen on the 14th of April. 

Bur when the Era is 28 or 29, if it be taken from 28, it will 
give us the New-moon in Fzbruary, which therefore cannot in this 
Caſe be the Paſchal Neu- moon; ſo that we muſt add 30 Days to 
the Time thus found, or which is the ſame thing, inſtead of taking the 
Epaf from 47, we mult take it from 47 plus 30 or 77, and the Re- 
mainder will give us the true time of the Paſchal Full- moon or Eaſter 
Limit, reckoned from the firſt of March incluſive, whence the Day 
on which Eaſter falls may be determined by the former Rules, and 
the ſame Law will hoid good for any Time paſt or to come. 

Thus at the Time of the Council of Nice which was held in the 
Year 325, when the Epact was 3 and the Dominical Letter C, if 
from 47 be taken 3, the Remainder 44 ſhew'd that the Ecclefraſtical, 
which at that Time was the Aſtronomical Full moon, happened on the 
13th of April, when the Dominical Letter being C, Eaſter Day was 
the 5th Day following, or the 187% Day of the ſame Month : For 
inaſmuch as the New-moon happened in this Month upon the 1/ 
and 3 iſt Day of the Month, the latter of which was the Paſchal Neu- 


moon, and ſince this muſt be 44 Days from the 1/2 of March inclu- 
| ſive 
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ſive, and the Epic ar that time being 3, the Fix'd Number for 
finding Eaſter Limit by the F.-pact mult at this time be 4.7, qual to 
the Sum ot 44 and 2, and the fame will hold good throughout all 
the Cycles of Epact. 

But if inſtead of theſe Fix'd and Settled Ep:&3, we ſhould make 
Liſe of the true Epacts or Ages of the Moon upon the laſt Dars of 
December and February ; then the Numbers 47 and 57 muſt be in- 
creaſed by Unity for every 310 Years after the 167% Century, and 
diminiſhe4 by the ſame Quantity for every Three Centurys bicks 
ward from the ſame time: Thus in the Year 325, if I make uſe 
ot the true Epact or Age of the Moon upon the laſt Day of February, 
which is 29, then inſtead of the Number 47 and 757 I muſt uſe the 
Fixed Number 43 and 73, and the ſame Limits will be produced. 

And after this manner may the Time when Eaſter falls (upon 

which all the moveable Feaſts and Terms depend) according to the 
Supputation of the Charch of England be found, for any Time paſt 
or to come indep2ndintly, without che help of Tables or Kilen- 
dar, by Addition and Subſtraction only. 

From the Cycles of the Sun and Moon (already explained) mul- 
tiplied inte one another, ariſes a third Period of 532 Years (for 
28Xx19==532) which is called the Victorian or Dionyſean Period, 
after the Completion of which Period, not only the New and Full 
Moons return to the ſame Days of the Month, but alſo the Days of 
the Month return to the ſame Days of the Week, and theret-re rhe 
Dominical Letter and the moveable Feaſts return again in the {ame 
Order; whence this Cycle is called the great Paſchat Cycle. And 

To find the Year of the Dionyſean Period for any Year of Chriſt, 
to the Current Year add the Number 457, the Year of thit Cy- 
cle when the Chr.ſtian Era commenced, and divide the Sum by 
532, the Remainder after the Diviſion is the Year of the Period 
thus the preſent Year 1723 will be found to be the 52d of the Vic- 
torian Period, = 

Beſides the Cycles of the Sun and Moon, there is another Cycle 
which the Romans made Ulſe of, conſiſting of 15 Years, which is 

called the Cycle of IndiQtion, having no connection with the Cœ- 
leſtial Motion, and was inſtituted as ſome ſuppoſe (tho the true 
Reaſon does not appear) for the ſake of a certain Tribute, and was 
by the Command of Fuſtinian the Emperour, inſerted in their 
Publick Inſtruments, and is made Uſe of at this Day by the Popes 
of Rome in their Bulls Diplomas, &c. and commenc'd with them 
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at the Kalends of Zanyary, but the Romans made it to commence 
at difterent Times of the Tear, 

And inaſmnch as the fi ſt Year of the Chriſtian Era happened in 
the fourth Year of this Cycle, therefore to find what Year of the 
Cycle correſponds with any Year ct Chrif?, to the given Year add 
3 and divide by 15, the Remainder will [hew what Year of the Cy. 
cle it is; thus the Year 1723 will be found to be the 1/ Year of 
the Cycle, | 

From the Muldoplication of theſe three Cycl.s, viz, the Lunar 
of 19 Yeus, the Solar of 28 Years, and the Indiction of 15 Years, 
ariſes the great Julian Period conſiſting of 7980 Yes ; this Period 
is ſuppoſed to have its Beginning 764 Years before the Creation, whe: 
all the 3 Cycles beg in together, and is not yer compleated; and there» 
fore it comprehends all other Periods, Cycles and Epccha's: There 
is but one Year in the whole Period which has the fame Number; 
for the three Cycles of which it is made up, and therefore if the 
Hiſtorians had remarked in their Annals the Cycles of each Year, 
there had been no Diſpute about the Times of any Action. 

Th: Year before Chriſt happened in 4713 Year of the Jalian Pericd, 
therefore to find what Year of the Julian Pericd any Current Year 
anſwers to; to the Current Year of C#7:i/t add 4713, the Sum will 
be the Year of the 7alran Period; thus the Year 2723 will be 
found to be the 54361h Year of the Fultun Period. 

Theſe are the chief and molt remarkable Periods, but there were 
ſeveral others made Uſe of, ſuch as was the Year of the Zubilee a- 
mong the Ferovs, which confiſted of Seven Sabbartical Years, and re- 
turned in the Space of 49 or 50 Years. The O/ympiads among the 
Grecians, which confilted of Four Years, and the great Platonic Year, 
ſo celebrated among the Hiſtorians, which contained an intire Re- 
yolution of the Stars to the ſame point in the Heavens from whence 
they ſet out. | | 

As in the Heavens there are certain Fixed Points from which A. 
ſtronomers begin their Computations, ſo alſo there are certain Points 
of Time from whence Hiſtorians begin to Reckon, and theſe points 
or Roots of Time ate called Epocha's or Era's, from which we pe- 
nerally count our Years and Time, and in which all memorable Ac- 
tions are diſpoſed and recorded according to the Series of Years which 
tollowed from that Root, the moſt Ancient is that of the Creation 
of the World, 3950 Years before Chriſt; the next is that of the Deluge 
2956 Yeats before Chr:/?; and the third is that of the O/ymprads, 
Which commenced in Greece 776 Years before Chriſt, and in the 
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3938 Year of the Julian Period when the Solar Cycle was 18, the 
Lunar Cycle 5, and the Roman Indiction 8. 

The next and moſt remarkable Epocha, is that of the building of 
Rome, in the Spring, about the End of the Third Year of the Sixth 
Olympiade 75 3 Years before Chriſt, in the 396187 Year of the Ju- 
lian Period, the Cycle of the Sun being 13, the Cycle of the Moon 
9, and the Indiction 1. 

The next and moſt celebrated Era was that of Nabonaſſar King 
of Babylon, ſo famous among the Aſtronomers, being made Uſe of 
by Ptolemy, Albateguus, Alphonſus, Copernicus, and others, as a very 
proper Era for computing the Motions of the Stars from ; it began 
according to Ptolomy, on the 4th of the Kalends of March, being Mæd- 
neſday, 747 Years before Chris?, in the 3967th Year of the Ju- 
lian Period; the Firſt Year of the Eighth Olympiade, and in the 
Sixteenth Year of the building of Rome, when the Solar Cycle was 
19, the Lunar Cycle 15, and the Indiction 6. 

Next after this we have the Epocha of Alexander the Great, 424 
Egyptian Years after the Nabonaſſarean Era began, for Alexander 
died at Babylon in the 33d Year of his Age, in the Firſt Year of the 
114th Olympiade the zd of the Month Def, (according to ſome 
Hiftur:ans) but according to others on the 23d or 27th ; thoſe who 
determine the Day ot his Death to the Julian Kalendar, make it 


to happen on the 20th of May; others on the 9th or 23d of June, 


and ſome on the 25th of July: but the AfZrouomers who have com- 


puted their Times from thence, ſuch as Allategnus, and others make 


it to happen on the 1 2 h of November at Noon being Sunday, on 
the Firſt Day of the Egyptian Month Thoth, 324 Years Current be- 
fore Chriſt, in the 4390th Year of the Julian Period, 279 Years 
before the Julian Epocha began, and 424 Egyptian Years compleat, 
after the Commencement of the Era of Nabonaſſar. | 

The Epocha of the Syrians and Chaldeans began in the Reign of 
Seleucus Nicator, who {ſucceeded Alexander the Great, and reigned 
in Syria and part of Africa about Twelve Years after that of the 
Death of Alexander the Great. 

The Julian Epocha which was approved of by Julius Caſar him: 
felf, took its Commencement after the Year of Confuſion upon the 
1/t of January, which then happened on a Friday; this Prince ob- 
ſerving that the Years inſtituted by Numa Pompilius the 2d King of 
Rome, who ſucceeded Romulus the firſt Founder of the State, con- 


ſiſted but of Twelve Lunar Months, which had been made * 
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of till that Time by the Romans ; did no ways agree with the Pe. 
riodical return of the Sun, the ſeeming fitteſt Motion to govern the 
Year by, ordained in the 4% Year of his Conſulſhip, 708 Years af. 
ter the building of Rome, in the 73 1ſ½ Olympic Year, 45 Years betore 
the B rth of Chriſt, that for the future, the Year ſhould conſiſt of 
365 Days 6 Hours, which Year was ever aftcr made Uſe of by the 
Romans, and continued down to the preſent time, and is called the 
Julian lJear. 

The Spaniſh Era began in the Reign of Auguſtus, in the 7th Year 
of the Julian Era, 38 Years before Chriſt, 715 Years atter the build- 
ing of Rome, and the 738th Year of the Olympiads; the Occaſion 
is {aid to be this, the Romans having divided the Empire, Spain fell 
to Auguſtus's Share, who immediately took Poſſeſſion of it; and to 
render this Day memorable, they took this time for their Root or E- 
pocha, and began after that time toreckon 4 Exordio Regui Auguſti, 
which words being abriged, and in proceſs of time the Initial Letters 
being made Uſe of in the room of the words themſelves, gave Birch 
(as ſome aſſirxm) to the Word RA, which is made Uſe of to ſiguiſ 
a point of Time, from whence Hiſtorians began to reckon. 

The next in order of Time which is moſt famous and beſt known 
tous, 1s that which commences from the Incarnation of our Lord and 
Saviour IE SUS CHRIST, and in Honour of him is called the Chri- 
ſtian Era it began at the Noon of the 3'f of December immedi- 
ately following his Birth, being Saturday, in the 4714th Year of the 

ulian Period, the 753d Years after the building of Rome, fand inithe 
747th Year of Nabonaſſar, and in the 324th Year after the Death of 
Alexander the Great, when the Solar Cycle was 10, the Lunar Cy- 
cle 2, and the Roman Indiction 4. 

And altho the Chriſtians in General begin their Epocha from the 
laſt Day of December, yet the Engliſh and Ii have an Epocha a 
whole Year poſterior to this, which they commonly uſe in all Public 
and Eccleſiaſtical Affairs, for they do not begin their Year with the 1/ 
of January, but with the 25th of March; and hence it comes to pals 
that the Eng reckon from the Feaſt of the Annunciation 1723, that 
there are compleated 1722 Years, but from the Birth of our Tord 
to the Feaſt of the Nativity 1722, they number only 1721 Years e- 
lapſed, whereas all the reſt of the Chriſtian World count 1722 Years, 
but for the greateſt Part of the Year the Exgliſꝭ deſign it by the ſame 
Number that the reſt of the ChrifZiay World does; but from the 
Beginning of the Lear to the 25th of March, they write one Year 
teſs. There 
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| There are other Era's or Epocha's of leſs Uſe, ſuch as that of 
Dioclefian the Roman Emperor, which began on the 21 of 4- 
vil, the Day on which the Foundation of Rome was laid, in the 
Year of Chriſt 284, and the 4997th of the Julian Period; it is alſo cal- 
led the Epocha of the Ethwpians, Abiſſins, and that of the Martyrs, 
becauſe of the great Perſecution that the Chriſtians ſuffered in his 
Reign. Alſo the Epocha of the Turks which they call their Hegira, 
which commenced from the Flight of Mahomet, from the City of 
Mecha to Febril, on the 164 of July being Friday, in the 6224 Year 
of Chriſt Current, which was the time that Mahomet began to preach 
and ſpread his falſe Doctrine: As alſo that of the Perfians which is 
called Tezdezird from a King of that Name, who died the 1675 
of June being Tueſday, in the Year of our Lord 1632. 


The Principal End of this Section being to explain the Kalendar, 


and ſhew the Reaſon of che Rules commonly delivercd for computing 
the Golden Number, Epact, Age, and Time of the New and Ful- 
moon, &c. I judge this little ſhort Acconnt of the ſeveral Periods 


and Epocha's made Uſe of by Aſtronomers and Hiſtorians would not 


be unacceptable to the curious Reader. 
e ee A ANDASPARARSS 
Section. XXV. 
Of the Nature aud Conſtruction of Logarithms. 


Ocarithms juſtly ecſteeme.! one of the greateſt and moſt uſeful | 
Diſcoveries that the laſt Century has produced, were firſt in- 


vented by John Neper, Baron of Murchiſton in Scotland, and by him 
firſt publiſh<d at Edenburgh in the Year 1614, and ſoon after by him- 


ſelf and Mr. Briggs (then Savilian Profeſſor of Geometry in the Uni- 


verſity of Oxfo74) reduced into a better Form and publiſhed at Lon- 
don in the Year 1624, in the ſame Form and in the ſame Manner as 
they are uſed at this Day. 

And notwithſtanding that theſe Tables were computed with the 
greateſt Care and are ſufficiently exact for any Uſes ro which Loga- 
rithms can be applied, yet their frequent and extenſive Uſe, and which 
reaches almoſt to every uſcial Branch of the Mathematical Siences, 


has 
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has encouraged the greateſt Geometricians that have lived ever ſince, 
to inquire more particularly into the Nature and Property of theſe 
Admirabie Numbers, and in which they have fo well ſucceeded, 
that by their frequent Diſcoveries they have rendered their Con- 
ſtruction much more eaſy and facile than by thoſe operoſe Methods 
that were at firſt made Uſe of, by their noble Inventor. 

And inaſmuch as they bear ſo great a Share in this Work, it is 
abſolutely neceſſary that I ſhould give ſome Account of them, and 
ſhew the Manner how they are made, as well tor the Satisfaction of 
thoſe who are deſirous of being thoroughMaſters of ſo noble and bene- 
ficial a Branch of Science, as to gratify thoſe whoſe Curiofity may lead 
them either to try the Tables already made, or carry them on to great- 
er Degrees of Exactneſs, in ſuch Caſes where it ſhall be found re- 
quiſite; which I ſhall endeavour to do with all the plaineſs and per- 
ſpicuity that the Nature of the Subject will allow of. 

Logarithms may be conſidered as, and were uſually defined to be, 
a Series or rank of Numbers in an Arithmetical Progreſſion, fitted 
adapted to a Series of Numbers in a Geometrical Progreſſion; 
that is, | | 

If to a Rank of Continual Proportionals in a Geometric Pro- 
greſſion from 1, Suppoſe | #2 

1, 2, 4, 8, 16, 32, 64, 128, Oc. 
be accomodated a Rank of Numbers continually proportional in 
an Arithmetic Progreſſion beginning from o. Suppole 

| o, I, 2, 3, 4, 5», 6, 7, Cc. 

Inaſmuch as for every Multiplication or Diviſion of the Terms 
in the Geometrical Progreſſion, there is an anſwerable Addition or 
Subſtraction of the correſpondent Terms in the Arithmerical Pro- 

reſſion; that is, As 2 the ſecond Term in the Geometric Series, 
multiplied by 4 the third Term produces 8, the fourth Term in the 
ſame Series, ſo 1 the ſecond Term in the Arithmetic Series added to 
2 the third Term produces 3, the fourth Term in the ſame Series ; 
and again, as 16 the fifth Term in the Geometric Series, divided by 
2 the ſecond Term produces 8, the fourth Term in the ſame Series, 
ſo if from 4 the fifth Term in the Arithmetic Series, be taken 1 the 
ſecond Term, there will remain 3 the fourth Term in the ſame Se- 
ries; or univerſally, if inſtead of 2, the ſecond Term in the Geo- 
metric Series we ſubſtitute x, and in the room of 1 the ſecond Term 
in the Arithmetical Series, we ſubſtitute a, that is, if to a Series of 


Geometrical mean Proportionals, as 


T, XX, 
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1, x, xx, &, x, x, * X, Ce. 
be accommodated a Series of Arithmetical mean Proportionals, as 
o, a, za, 3a, 4a, 5a, 6a, 7a, &c. 

Inaſmuch as the Multiplication of any two Terms in the Geome- 
tric Series, as x and x* produces the Term x, which anſwers or corrc- 
ſponds to the Term 3a in theArithmeric Series, the Sum of the J erms 
a and 2 à in the ſame Series, and the Diviſion of any two Terms in 
the firſt Series, as x by x, produces x*, which correſponds with 
the Term 2 a in the ſecond Series, the Difference between the cor- 
reſpondent Terms 3 2 and à in the ſame Series; and inaſmuch as 
this is the Eſſential Property ot the Logarichms, therefore the Terms 
in the latter Series arc the Logarithms of their correſpondent Terms 
in the firſt Series; and becaule the Terms a and x may ſtand for any 
Numbers taken at Pleaſure, therefore Logarithms may be of as ma- 
ny different Sorts as there can be aſſumed different Values of the 
Quantities x and a. 

If the Quantity a in the ſecond Series be put equal to t, then the. 
ſeveral Terms ot the ſecond Series, wiz, 

| Oz I, 3s 3» 4, 5» % 74 Ot , 

become the Indices or Exponents of the ſeveral reſpectire Terms or 
Powers in the firſt Progreſſional Series of Geometrical Proportionals 
whoſe firſt Term is 1 and ſecond Term x,, inaſmuch as they point 
out the Places or Diſtances that each Term obtains from Unity; for 
Example, as the Number 5 in the ſecond Series ſtands againſt the 
Quantity x* in the firſt Series, it points out and ſhews that the Qu an- 
tity x is in the fifth Place from Unity; in like manner as the Num- 
ber 6 in the ſecond Series ſtands againſt x“ in the firſt Series, it ſhews 
that the Quantity x* is in the ſixth Place from Unity; or which is 
the ſame thing, is removed at fix times the Diſtance. from Unity, 
that the Quantity x is that immediately follows: And hence 
it is that Logarithms are ſometimes defined to be the Exponents 
or Indices of the Powers of the reſpective Numbers to which they 
belong. 

In the progreſſional Series of Geometric Proportionals, if between 
the Terms 1 and x be inſerted a mean Proportional which is Vx, 
its Index will bes, inaſmuch as its Diſtance from Unity will be 
but one half of the Diſtance of x from Unity, and conſequently the 
Root of x will be expreſſed by x: In like manner if between x and 


* we inſert a mean Proportional, its Index will be 1 and 2 or , in- 


aſmuch 


658 Of the Nature and Conſtruction of Logarithms 


aſmuch as its Diſtance from Unity is once and a half the Diſtance 
of x from the ſame Place of Unity. 

Again, if between 1 and x be inſerted two mean Proportionals: 
the firſt of theſe will be the Cube Root of x or, and its Index 
will be +, inaſmuch as its Diſtance from the Units place is but 
of the Diſtance of x from the {ame Place of Unity; and conſeq uent- 


ly V*x is exprelled by x '> whence it follows, that the Index of U. 
nity is o, inaſmuch as Unity cannot be removed at any Diſtance 


from its ſelf. | | : 
And the ſame Series of Geometrical Proportionals may be con- 


tinued on the contrary Side of Unity, or towards the Left Hand, 
and which therefore will decreaſe in the ſame manner or in the ſame 
Ratio as the Terms placed on the Right Hand increaſes, 


rn 

For the Terms 27 = 7 x2? * I, &, XR 2, x*, xt, XJ, Tc. 
are all in the ſame Geometrical Progreſſion continued, and have all 
the ſame common Ratio ; wherefore inaſmuch as the Diſtance of 


x from Unity towards Right Hand is Politive, or +1, the Di- 
lance of — from Unity towards the Left Hand, which is e- 
qual to the former is Negative or —1, which is therefore the 


the Index of I and conſequently for = may be written 3 


Again, inaſmuch as x2 is on the Rigut Side of Unity, and Poſi- 
tive, and its Index 2, the Index of D which is as far diſtant 
from Unity on the contrary Side, or towards the Left Hind 


will be Negative, and —2, and conſ:quently— is the ſame with 


— 5 —3 . * 1 
f nner is the ſame with PID 
* 2 2 In like ma x th x3, and 3 + 


Tame with xz whence it comes to paſs that theſe Negative Indices 


ſhew that the Terms to which they belong, are as far diſtant from 
Unity towards the Left Hand, as the Terms whoſe Indices are the 
ſame and Poſitive, are removed from Unity on the contrary Side 


or towards the Right Hand. 


Again, 


— 
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Again, as between 1 and x, in the Series increaſing from or on the 
Right Hand of Unity, be inſerted a mean Proportional as /-, and 
between this mean Proportional and Unity be inſerred another mean 


Proportional as Vr, and between this laſt mean Proportional and Unity 


be inſerted another mean Proportional as / x, Cc. whoſe reſpectixe 
Indices will be !, 4, z, Oc. lo between Unity and the next term 


= in the Series decreaſing from Unity, or on the Left-hand of U- 


nity, may be inſerted a mean Proportional ny whoſe Correſpon- 


dent Index will be; and again between this mean Proportional 


and Unity, may another mean Proportional as , ” he inſerted, whoſe 
| Vx 
corre[pondentIndex will be 4, and between this and Unity may 
another mean Proportional as 3 inſerted, whoſe Index will be 
* 

—F, Oc. and as this may be done between any other two Terms 
of the Progreſſion, it follows ; that between any two Terms may 
an infinite Number of mean Proportionals be inſerted, whoſe re- 
ſpective Indices will become the Logarithms of the reſpective 
Terms to which rhey belong: And as theſe mean Proportion- 
als the greater they are in Number, between the two Terms of a- 
ny Ratio, the nearer do they approach to a Ratio of Equality, 
with their correſpondent Indices or Exponents. 

Hence we are let into the Reaſon of the ancient way of making 
Logarithms, and which was made Uſe of by their firſt Inventors, and | 
that was, to extract the Square Root out of the Square Root, Cc. | 
of any Number, in order to find out a Series of continual mean Geo- | 
metrical Proportionals ; till the Number of Cyphers contained be- 
tween Unity and the firſt ſignificant Figure of the Root, was equal 
to the Number of Places that the intended Logarithm ſhould confiſt 
of, and at the ſame time to find out a like Number of correſpondenc 
Arithmetical Means, which would be the Logarithms of the Geomo- | 
trical Means reſpectively, | 

And how operoſe this Method is, may be eaſily gueſſed at, by | 
any one who has been at the Pains to extract the Root of a large 
Number; and may be gathered from this, that tv find a Lega, ithn: | 
to Seven places only, requires at leaſt 27 Extractions of Root ont of 


Qqqq * Root, 


: 
: 


—— MM. 4 4 A. 
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Root, the Square conliſting of 16 Figures at leaſt ; and that if in a- 
ny one of the Operations an Error happens to creep in, the whole 
work muſt be repeated | 152 

In the adjacent Figure, if the Line ſtanding againſt the Num- 
ber 1 be made to repreſent Unity, then the double of that Line will 


repreſent the Number 2, and its triple will repreſent the Number 3; 
| its one halt will repreſent 


the fractional Number 2, 

A and its one third part will 
| repreſent the Fraction +, 
m_ Cc. and conſequently if the 
8 Line ſtanding againſt x * be 
3 - ſuppoſed to repreſent the 
Value of x, the Line ſtand- 
e ing againſt «*, which we 
ſuppoſe here to be a third 
Tees AE Proportional to the Line re» 
| preſenting Unity, and to 

the Line x will repreſent 
the Quantity x* in the for- 
mer deries of Geometrical 
Proportionals: In like man- 
e ner the Line ſtanding againſt 
| x*, which is ſuppoſed to be 
Wer ENS a fourth Proportional Geo- 

25 metrical, to the Lines re- 

preſenting Unity, & and x*, will ſtand for, and repreſent x*, in the 
former Geometrical Series; and conſequently the ſeveral Lines which 
ſtand againſt &“, x*, x, , Ce. which are ſuppoſed to be a 
Geometrical Scale of Progreffional Lines, infinite in Number, will 
repreſent the ſeveral Terms x*, x*, x*, x”, Oc. in the geometric 
Series of Progreſſional Numbers, beginning from Unity and increaſing 
towards the Right-hand ; and if the Lines which ſtand againſt 


1. 2 „Ec, on the contrary Sides of the Line repreſenting U- 
— be ſuppoſed, to diminiſh in the ſame Ratio as the Lines &“, 


x „ &. increaſe on the contrary Side, we ſhalt have a Geometri- 
cal Scale of Progreſſional Lines infinite in Number; which will be 
equal in Value and Analogous, to the ſeveral Terms of the infinite 
progreſſional Series of Quantities following, which are here * 


A 1 
— 


o repreſent an infinite Series of Numbers. 
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Oc. x 1 5 1,4 xXx, &, xt, x, * * „ Oe. 

For as the Terms 1, x, x*, are in a continued Ratio of 1 to 
x, and as the Indices affixed to each proportional Term pronoun- 
ce the Place or Diſtance that each Term obtains from Unity, fo 
the Magnirudes of the ſeveral Lines 1, x, „, Cc. have the ſame 
Ratio of 1 to x ; and the Indices of the Powers of the ſeveral 
Lines, ſhew the Order that each Line is placed in, or obtains trom 
the Line repreſenting Unity; for as the Term & is in the third 
place from Unity, in the Series of Geometrical Proportionals, ſo 
the Line repreſenting *, is the third in Order from the Line re- 
preſenting Unity, and is placed at three times the diſtance from 
the Line repreſenting Unity, as the Line repreſenting the Quantity 
x, Which immediately follows. 

Again, as between 1 and x in the progrefſional Series of Propor- 
tionals, there may be inſerted a Geometrical Proportional as VX or 


L j . - . 
x ?, ſo between the Lines repreſenting Unity and the Line x may 
be found and inſerted a Geometrical mean Proportional Line, which 
1 


will repreſent and be equal in Value to the Term x? in the Pro- 
greſſional Scale of Quantities, which will have the ſame Ratio 


2 4, 
to the Line repreſenting Unity, as the Term x in the progreſſion- 
al Series has to Unity it felt ; and the ſame will hold good if be- 
tween any other two Lines there be found a Mean Proportional. 


'P 
Again, as between 1 and x or & in the progreſſional Series of 
Proportionals, there may be inſerted a Geometrigal mean Propor- 


4 4 . . . 
tional as V or xi, ſo between the Line repreſenting Unity and 


1 
the Line repreſenting x, may be found and inſerted a Geometri- 
cal mean Proportional Line which will repreſent and be equal in 


Value to the Term x* in the progreſſional Scale of Quantities, 
which will have the ſame Ratio to the Line repreſenting Unity, 


as the Term »3 in the progreſſional Series has to Unity it ſelf; and 
univerſally, as between 1 and x in the progreſſionalScale of Quantitics 
there may be inſerted an infinite Number of Geometrical mean Pro- 
portionals, ſo between the Line repreſenting Unity and the Line &, 
may be found and inſerted an infinite Number of Geometrical 
mean Proportional Lines, which will be every way Analagons to 


Qqqq2 * 8 the 
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tlie infinite Series of proportional Numbers or Quantities between 
1 and the Number repreſented by &; and the ſame will hold good 


between any other two Terms whatſoever. 13 
In the following Figure therefore upon the Line A & infinitely ex- 
tended each way, let there be taken AB, BC, CD, DE, EF, &c. 


towards the Right-hand, alſo 40, O P, &c. towards the Lett- 


** 


PG Ne 
ü 5 


* | | , 
p 


iN 


N 


hand, all equal among themſelves, and from the ſeveral points P, 


O, A, B, C, D, E, F, &c let there be drawn the Lines RP, OO, 
AH, 


n 
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AH, BI, CK, DL, EF, FN, &c. equal in Length to the ſeveral 


Lines K © 3 t, 3, „ & , ee inthe 
Geometrical Scale of Progreſſional Lines infinite in Number, theſe 
therefore will repreſent ſo many Terms in the Progreſſional Series 
of Proportionals, of which the Line A H repreſents Unity, and 
conſequently the Lines 4B, AC, AD, AE, AF, &c. —40— AP, 
&c. will expound the Diſtances ot the ſeveral Terms in the Pro- 
greſſion from Unity, or the Place and Order that each Term in 
the Geometrical Scale obtains, according ro the Unites Place ; thus, 
if AD be triple the Diſtance of AB, the Line DL will repreſent the 


third Term or x?, in the Geometrical Series of Quantities, of 


which BI repreſents the brit, or x. In like manner, if AF be 


quintuple the Diſtance of AB, the Line FN will repreſent the fifth 


Term or x*, inthe Series of Progreſſional Quantities or Numbers: 
Again, inaſmuchas AP is double rhe Diſtance of 4 B, but on the 
contrary Side of the Line AH repreſenting Unity, PR will repreſent 


the ſecond Term in the Geometrical Series or x © on the Left- 
hand of the Unites Place, Cc. f 

Now if the Extremities R, Q, H, I, K, L, M N, &c of the 
Geometrical Scale of mean Proportionals, be connected together by 
Right-lines, the Figure PRNF will be a Poligon, conſiſting ot more 
or fewer Sides, according as the Terms in the Scale of mean Pro- 
portionals are more or fewer in Number. ? 

If the Diſtances AB, BC, CD, DE, EF, &c. are biſected in the 
points 5, c, d, e, f, &c- and from theſe points be drawn Lines, as 
bi, ck, dl, em, fn, &c perpendicvlar to AG, which will 
be ſo many Proportionals between AH, BI, CK, DI, EM, 
FN, &c. there will ariſe a new Scale or Series of Propor- 


tionals, double in Number to thoſe in the former Scale; and 


conſequently the Difterence between the Terms will be leſs, and 
the Terms themſelves will approach nearer to a Ratio of Equality 
than the Terms in the former Series, and inaſmuch as in this New 
Scale of Proportionals the Lines AF, and AB, expound the Diſtan- 
ces of the Terms FN, and BI, from Unity; it is manifeſt, that 
as AF is removed ten times as far as Ab, the Term FN will 
be the tenth Term of the Series from Unity; of which Ab is 


* the firſt, 


In like manner, as Ac is triple the Diſtance of A b, the Line c K, 


will repreſent the third Term in the New Scale of Proportionals ; 


and as between AH and CK there are three mean Proportionals, 
ſo 
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ſo between A H and FN, which is three times the Diſtance, there 
will be nine mean Proportionals. | 

Now it the Extremities H, i, I, k, K l, S, &c. of this new Scale 
of Proportionals be connected together by Right-lines, there will 
ariſe a new Poligon, which will conſiſt of a greater Number of 
Sides; but each Side leſſer in Magnitude. 

If we conceive the Diſtances Ab, b B, Be, &c. to be again bi. 
ſected in the middle, and between every two Terms a ncw Scale of 
mean Proportionals be inſerted, there will ariſe a new Scale cf 
mean Proportionals, double in Number to thoſe in the former Scale, 
from the Place of Unity; the Difference of which Terms will L- 
ſtill leſſer, and the Terms themſelves will approach ſtill nearcr to a 
Ratio of Equality than the former. And, 

If the Extremities of this new Scale of mean Proportionals be con- 
nected together by Right Lines, we ſhall have a new Poligon of 
double the Number of Sides to the former; but each Side wi!l be 
ſtill leſs in Magnitude, inaſmuch as the diſtance of the Terms from 
each other, is ſtill leſs than before. 

Moreover, in this New Scale the diſtances AF and AB, ſtill de- 
termine the Order or Place that the Terms FN and BG obtains 
from Unity; and if AF be quintuple the diſtance of 4 B from 
Unity, and FB the fourth Term in this new Scale of Proportion- 
als, the Line FN will repreſent the twentieth Term in the ſame 
Scale. 3 | 
After the ſame manner, if the diſtance berween every two Terms 
be continually biſected, and to each of the Points ſo found, there 
be applied a Series of mean Proportionals, the Number of Terms 
in this new Scale, as alſo the Sides of the Poligon will by this means 
become infinite ; and each Side of the Poligon will be leſs than any 
given Right-line, and conſequently the Poligon will be changed into 
a Curve-lined Figure; ſince every Curvilinear Figure may be con- 
ſidered as a Poligon, compoſed of an infinite Number of Sides, each 
of which are infinitely ſmall in Magnitude. 

The Curve-line thus deſcribed is called the Logarithmic Curve, in 
which it the Right-lines AH, Bl, &c. which ſtand at Right-angles 
to the Axis AG, repreſent ſo many Terms in a Series of Numbers 
in a Geometrical Progreſſion, the Portions of the Axis 4B, BC, 
&c. between the Place of Unity and any given Term, will ſhew 
che Place or Order that each Number in the Scale of Geometrical 
Proportionals obtains from the Place of Unity in the ſame Series : 

| | For 


fo 
j 
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For Example, it A F be quincuple of AB, and between Unity and 
FN, there are 1000 mean Proportionals between Unity and BJ, 
there will be 200 of the lame mean Proportionals; or BI will be 
the 200th Term ot the Scale of Geometrical Proportionals from U- 
nity ; and univerſally, whatever be the Number of Terms between 
Unity and FN, between Unity and BY, there will always be one 
fifth of the ſame Number of mean Proportionals; and the ſame wil! 
obtain between any other two Terms in the Progreſſional Series. 
This Curve may be concieved to be deſcribed by a two-fold 
Motion, the one equable and uniform, the other acccler- 
ated or retarded in a given Ratio: For Example, it the Right- 
line A H moves uniformly along the Right line AG, ſo that the 
point A deſcribes equal Spaces in equal Times, while the Line it 
ſelf AH increaſes in ſuch manner as to acquire Increments in equal 
times, which ſhall be conſtantly proportional to the whole increa- 
ſing Line; that is, if while the Line 4H 1s moving into i, it acquires 
the Increment i o, and in moving from thence into BY in the ſame 
Space of time, it is increaſed by a ſimilar part 7p, which ſhall be 
to bi as the Increment io is to AH: In like manner while the 
ſame Line A H in moving from I into the Place of ek in the ſame 


time acquires an Increment , which ſhall be to BIas 1p to 


ib; or as i to AH: That is, that the Increments acquired in 
equal times, may always be proportionnal to the Wholes. Or, 

If the Line A H in moving backwards from its place in AV di- 
miniſhesin a conſtant Ratio, that is, while it moves over equal 
Spaces AO, OP, it is leſſened by equal Decrements Hx and 95, 
which are proportional to the whole Lines QO, and PR, the Ex- 
tremity H of this flowing Line, will deſcribe what is called the 
Logarithmic Curve, 

For becauſe AH :i0: :ib: Ip: : IB kg; it will be by com- 
pounding AH: ib (Slo HO: ib: : (Bp: pi=BI: BI:(Cq+ 
c E DH) ek, &c 

From this Conſtruction it is manifeſt, that all the Terms that are 
placed at equal diſtances from each other, are continually propor- 
tional ; and that of any four Terms as AH, BI, EM, FN, if the 
diſtance between the firſt and ſecond Term be equal to thediſtance 
between the third and fourth, whatſoever the diſtance be, thoſeTerms 
will be proportional, For, becauſe the diſtances A Þ and E Fare 
equal, A H will be to the Increment 1S, as E M to the Incremen: 


NT; wherefore by compounding, 4 H will be to Bas E Al to 


FM 


Fd 
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FM; and on the contrary, if any four Terms are proportional, the 
viſtance between the firſt and ſecond Term, will be equal to the diſt. 
ance between the third and fourth. 

The diſtance therefore between any two (Terms, which repre. 
ſent ſo many) Numbers in this continued Scale of Geometrical 
Proportions, is the Logarithm of the Ratio of thoſe two Numbers 
the one to the other; and is meaſured and eſtimated not by theRarig 
it ſelf, but by che Number of mean Proportionals in the continued 
Scale of Geometrical Proportionals contained between the twy 
Numbers, and expounds the Number ot equal Ratiunculæ, of which 
the given Ratio is compounded 

For if the Diſtance between any two Numbers be the double 
of the diſtance between any other two Numbers, then the Ratio 
between the two former Numbers will be the duplicate of the 
Ratio between the two latter Numbers: For Example, if the di- 
{tance between the two Terms E M and FN, be double of the dil. 
tance of A, which is contained or intercepted between the two 
Terms A H and bi, then the Ratio of EM to F IN will be dupli- 
cate of the Ratio of AH to bi. Let EF be biſected in the point 5, 
becauſe Ab=Ef=f F, the Ratio of EM to F x, will be equal to 
the Ratio of Al to bi, but the Ratio of EM to EN is duplicate of 

the Ratio of EMto fn; wherefore the Ratio of EM to EN will be 
duplicate of the Ratio of A H to bi: In like manner, if the diſ- 
tance CF be triple of the diſtance AB, then the Ratio of CX to EN, 
will be triplicate of the Ratio of AH to BI ; for becauſe the di- 
ſtance between CK and FN is triple of the diſtance between A and 
B 1, there wili be triple the Number of mean Proportionals between 
C K and FN, as there is between AH and BI; but the Ratio of 
CK and FN, and of AH to BI, is compounded of all the inter- 
mediate equal Ratio's ; wherefore inaſmuch as the Number of e- 
qual Ratio's between C K and FN are treble the Number of 
the ſame, and equal Ratio's contaiped between AH and BI, the 
Ratio of CK to FN, will be triplicate of the Ratio of AH to BI ; 
alſo for the ſame Reaſon, if the diſtance DF be quadruple. of the 
diſtance , Al, the Ratio of DL to FN, will be quadruplicate of 
the Ratio of AH to bi, Cc. 


The 
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The Logarithm therefore of any Number, is the Logarithm of the 
Ratio of Unity to the Number it ſelf; or it is the diſtance between 
Unity and the ſame Number, in the Geometrical Scale of Propor- 
tionals, and 1s meaſured by the Number of Proportionals contained 
between them: Logarithms theretore expound the Dignity, Place, 
or Order that every Number obtains from the Units Place in the 
continued Series or Scale of Proportionals, infinite in Number; 
thus, if between Unity and the Number 10 there be ſuppoſed 10. 
000.000 c mean Proportionals, that is, if the Number 10 be placed 
in the 10, ooo, oooth Place from Unity between 1 and 2, there will 
be found to be 3010300 of ſuch Proportionals; that is, the Num- 
ber 2 will be placed in the 30103000th Place from Unity, between 
1 and 3, there will be found .4771213 of the ſame Proportionals, 
and the Number 3 will be found to ſtand in the 477121 3th Place 
in the Scale of Proportionals infinite in Number, which Numbers 
10000000, 3010300, 4771213, are therefore the Logarithms of 
10, 2 and 3; or more properly the Logarithms ot the Ratio's of 
thoſe Numbers one to the other. 

Again, if between Unity and the Number 10 there be ſuppoſed an 
infinite Scale of mean Proportionals whoſe Number is 2.302585 1, 
c. that is, if the Number 10 be placed in the 2.30258514, Cc. place 
from Unity, in the infinite Scale of Proportionals between 1 and 
2, there will be found to be 6931471, Cc of ſuch Proportionals; 
that is, the Number 2 will ſtand in the 693 147 1th. &c. Place from 
Unity, between 1 and 3, there will be found to be 1.098622 of 
the ſame Proportionals; and the Number 3 will be found to ſtand 
in the 109861225 Place, in the ſame Geometrical Scale of Pro- 
portionals, Cc. ſo that if the firſt Term of the Series from Unity be 
called x, the ſecond Term will be x*, the third Term will be &, 
c. and if the Number to be {uppoicd to be the ro00000thTerm 
in the Series, the Number 2 will the 3010300tþ Term, and the 


Number 3 will be the 47712131 Term in the ſame Series; and 
conſequently ſince «& 10, a =, and «„ 


=3, Cc and again, if the Number 10 be ſuppoſed the 23025857th 
Term. in the Series, the Number 2 will be the 6931471/t Term, 
and the Number 3 will be the 109851224 Term in the ſame Se- 
ries, and conſequently in this Caſe 10=x?3 , g693147 1, 
nn 
And inaſmuch as the infinite Number of mean Proportionals be- 
tween any two Numbers may be aſſumed at Pleaſure, hence Loga- 
arena Rrrr * | rithms 
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richms may be of as many different Forms (that is, there may be 
as many different Scales of Logarithms) as there can be aſſumed 
different infinite Scales of mean Proportionals between any two 
Numbers, Every Number therefore is ſome certain Power of that 
Number which is placed next to Unity, in the infinite Scale of Pro- 
portionals between Unity and the given Number, and the Index of 
that Power is the Logarithm of the Number. 

Logarithms therefore may be of as many Sorts as you can al- 
ſame different Indices of the Power of that Number whoſe Loga- 
rithm 1s required. | 

If the Index be aſſumed equal to ro000000, Cc infinitely, the 
Logarithms produced will be thoſe invented by Neper; but 
if the Index be aſſumed equal ro 23025851, Cc. the Loga- 
rithms produced, will be thoſe that were made by Mr. Briggs. 

And inaſmuch as the Ratio of Unity to any Number, is meaſured 
by the Number of Ratiuncula contained in that Ratio. 

Hence we may value Ratio's by the Number of Ratiuncula con- 
tained in each Ratio, and may conſider them as Quantitates Sui ge- 
neris, beginning from the Ratio of 1 to x equal to o, being affir- 
mative when the Ratio is increaſing, as of Unity to a greater 
Number; but Negative when decreaſing, as of Unity to a leſſer 
Number. | 

So that Ratio's are one to another as the Number of like and e. 
qual Ratiuncula contained between the two Terms of the Ratio; 
wherefore,if the Ratio of 1 to 10 contain t0000000,C. equal Ra- 
tiuncula, that ot its duplicate or of 10 to 160, will contain 20000- 
ooo, Cc. that of its triplicate, or of too to 10950, will contain 
30000000, Cc. and that of its quadruplicate, or of 1000 to r0000, 
will contain 40000000, Cc of the ſame like and equal Ratiuncula; 
ſo that the Logarithms of Numbers, or the Values of Ratio's, are 
in an Arithmetical Progreſſion ; and hence ariſes that vulgar Definition 
of Logariihms, viz. that Logarithms are a Series of Numbers in an 
| Arithmetic Progreſſion, fitted ot aſſigned to a Rank of Numbers in 
a Geometrical Progreſſion. 

If che diſtance between Unity and any Number be ſuppoſed to 
conliſt always of the ſame equal Number of mean Proportionals, as 
ſuppoſe 10000000, Cc. or which is the ſame thing, it we fhall 
rake the Ratio of Unity to any Number, to conſiſt always of the 
fame infinite Number of Ratiuncula, the Magnitudes of each in this 
Caſe, will be, as their Number in the former; ſo that it between 


Unity 
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Unity and any Number propoſed, there be taken any Infinity of 
mean Proportionals, the infinitely little Augment or Deerement of 
the firſt of thoſe means from Unity, will be a Ratiuncula ; and ſee- 
ing this is ever proportionable to the Momentum or Flaxion of the 
Ratio of Unity to the ſaid Number; and inaſmuch as in theſe con- 
tinual Proportionals all the Ratiuncula are equal, their Sum or the 
whole Ratio, will be as the ſaid Momentum or Fluxion is directly: 
wherefore, if the Root of the infinite Powers be extracted out of a- 
ny Number, the Difference between that Root and Unity, will be, 
as the Logarithm of that Number; ſo that the infinite Root of auy 
Number being found, the Logarithm of that Number is eaſily had; 
how the infinite Root of any Number may be found, comes next 
to be ſhewn, 

Let p +px be a given Quantity, whoſe n Root is to be extracted 
where n ſtands for any Power or Number taken at Pleaſure. 

— 1M — - 


Then will p+ px=px14+x 


* 2 1 
Aſſume 1+x=1+Ax+Bx4{Cx+Dx+£Ex, &c. 
— . p 2 43 4. 
Then, IX x=Ax-+2 Bxx+ 3 Cxx+4 Dxx+5 Ex, Gr. 
$70 00" 6 og 2 3 4 
And 14 * A+2B x+3Cx+4Dx+5Ex, &c. 


axIix _ At2Bx+2Cx*—4aDx'+5Ext, oc. 
w_ — CT 1+Ax+Bx*-r Cx* + Dx* + Ex', Oc: 
EY And) | : 
ele ehe Face fer, Cel zr fahr ke 
-Ax EZB Ez Cx*-+4 Dxt, 


2 

ue And n=A, alſo, nA=2B+A alſo nB=3C-+ 2B. 
And, nA—A=2B, And, *nB—2B=3C 
And n—1xA=2B, And n—2XB=3zC, 
And, — xA=B And, Go xB=C. 

Alſo, ADC, Alſo nD=5E4-4D, 

And, nC—;C=4D, And, unD—4D=5E, 

| And, n—3xC=4D, And, n—q4xD=5E, 

And, cb. And, DE. 


Rrrr 2 * Where- 
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dh e NT o N—1, h—2 
Wherefore, An, B=nx I, C=nx K ==, Dame 

n—I Nn—2 n— _n—11 n—2 n—3 n— 
RF oor Arms —_— and E=nx — n e 4 

. | 2 

— R N—2. 3 db 

And, I XI Tx Xx 2 X e 2 * 3 4 | 
n—2 Nn—3 8 
e r . 
r ook Pp 
. as OR 4 2 Kg n 3 
And, pp Xx Sp n px n x px T TT —px 


C. 


n n nh—T n Ya " voy n * 
Put p=A, npx=B, ix 2 px SC, nx 2 8 


Then, L P TAxT —Br bp Cx 


Ex, Sc. © 8 

Vhich is the celebrated Binomial Series invented by the great Sir 
Iſaac Newton, for railing of a given Quantity to any given Power, 
or extracting any Root out of the ſame Quantity; inaſmuch as n 
ſtands for any Number whether it be a whole Number or a Frac- 
tion, wherefore, becauſe when n is finite. ut 


..  1—0 _ 1—3mram 1-— Cn. — en 
c nn ene nn 
i n 2 Mn 6 ni ; 24 n+ 
x*, Cc. when it becomes infinite. „ 

Es Jt I I I I | 
— 182 1 F—x— — x - * ws x Ge. 
IT x n 25 zu An 6 


nn being infinitely infinite, and conſequently whatſoever is divided 
thereby vaniſhing, whence it follows, that n multiplied into x— 
Lx*þix%—4xt, Ce. is the Augment of the firſt of the mean Pro- 
portionals between Unity and 1-+x, and is therefore the Logarithm 

of the Ratio of 1 to 14. | 
| 4 

A A 1 
But becauſe the infinite Root of 1—x, or 1x is 1— n x 2 
r Cc. therefore „ multiplied into XI x*+ 4x34 
11 * 

4X 
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4 FIA, &c. will be the Logarithm of the Ratio of 1 to 1—x, of 
the Logarithm of a Number leſs than Unity; and whereas the in- 
finite Index z may be taken at pleaſure, the ſeveral Scales of Lo- 


garithms to ſuch Indices will be reciprocally as oy or the ſeveral In- 


dices, and if the Index be taken x0000000, Cc. the reſpective Lo- 
garithms will be ſimply. 
3 e 
4 * * 37 * 4-4n* 4+ Az, &c- 

Let a repreſent the leaſi of any two given Numbers, and & the 
greateſt, z the Sum of the two Numbers, and d the Difference, 
and let us _— the Ratio of a to b, to be divided into that of 
a to 22, and of 3& to 6b; that is into the Ratio of à to the A- 
rithmetical mean between the two Numbers and the Ratio of the 
ſaid 3 mean to the l Number 6, then becauſe 
tm hr , the Log. of 8 = 4 1 Hop FJ or becauſe 2 2 — 


a 
2 == the Log. of 124 * 2 = 1 ys thatis the Sum of 


the Logarithms of theſe urs Ratio's will be che Logarithms of the 
Ratio of à to; and to find the Value of each of theſe Ratio's, 


1 9 50 of 1 and 1 x we muſt ſay, 2 X: 4a: 1: l-, 


whence x — = 2 » and again, as IK :: 2 1E, whence 


— 


Kooks. # | 
a7 Iz - 2? and 1 Sine the r room of x, in each cf 
4* Z + 
che former Series, we ſhall have * x 1 . 4 15 4 4 
2. 1 6 2 3 2 * 2 * 
572 &c. for the Log: of the Ratio of a to £ ⁊, and — —.— 
d — © 
＋ 77. 
aq 
to b; and Fabian the Sum of theſe. two Series „ 225 255 
— 3 = 


5 ; 3 5 7 | 

4 25. &c. or —x 0 LY + 2 8 will b. 
5 & 4 7 98 

the Logarithm of the Ratio of a to b, whoſe Difference is 4 

Sum z.; whence to find the Logarithm of any Prime Number, we 


have wk General Rule, | 
| To 


% 
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To the the given Number add 1 for a Denominator or Divilor, 
and ſubſtra& x from the ſame given Number for a Numerator or 
Dividend, then of the Vutgat Fraction thence retulting, compoſe 
all the odd Powers thereof, theſe' will form a Series of Numbers 
which being divided by their refpective Exponents, viz. f, 3, 5, 
7, 9, Cc. will produce a Series of Quotes, whoſe Sum will be the 
Natural Logarithm ot the Number propoſcd, and being doubled, 
will give the Logarithm of the ſame Number, according to Meper, 
form. Ht 09 

This Rule is not only very eaſy to be retained in the Memory, 
bu: very proper for the Practice of making of Logarirhms, which 
it performs with very great Expedition, as will appear hereafter ; 
and is ſo very plain that it may be taught to Perſons of a mean Ca- 

acity. oo 

, Ws firſt publiſhed by Mr. James Gregory, in a Treatiſe of his 
* written by himſelf, and printed in tire Year 1668, wherein that ex- 
cellent Geometrician has ſhewn the Analogy between the Loga- 
rithms and certain Hyperbolic Spaces, and by frewing us how to 
{quare the one, he has taught us how to conſtruct the other; and the 
Truth of the ſame Law has long ſihce that time been demonſtrated, 
independent of the Hyperbola ; from a Cohſideration of the Pro- 
perties of the Logarithms only, and by the help of Sir 1/aac Newtos's 
General Theorem, (demonſtrated in the former Page) for Extracting 
of Roots and raiſing of Powers. | ID 
Let it be required to find the Logarithm of 2, the firſt Prime 


Number. . * 
Becauſe a=1, and b 2, therefore, d=b = a=2—1=1, and X 


| TT MT... 
| b=rF2=3 ; wherefore— , and 5 


Hence ETX, I- EAN xf, &c. equal to } er +=5 
I, &c will be the Natural Logarithm of 2, and confec uent- 

ly beiti 5777355, &c. will be the Logarithm of the ſame Num- 
ber in Nepers Form, where fore if the ſeveral Fractions be ad- 
ded together and reduced into an Equivalent Decimal, we ſhall 
have the Logarithm of the Number given; but becauſe to mul- 
tiply by 2, and divide by 9, will produce the ſame Effe&. If 
the f Frackion be reduced into a Decimal Fraction, and that 
be divided by 9, and each ſueceſſive Quotient by the ſame, we 
ſhall have a Series of Quotitrits, which being divided by the ſeve- 
ral Co-efficients 1, 3, J, 7, 9, Cc the Sum of theſe laſt Quotients 


will give the Logarithm of the Number given; and in order to 
| obtain 
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obtain the richm true to any Number of Places, it is neceſſary 
to continue the Fraction to one or two mote Places than the in- 
tended Number of Places the Logarithm is to conſiſt of; ſo that 
to have the Logarithm true to 10 places, it will be convenient 
to find the Value of 3 in Decimals to 11 of 12 places. 


The Operation is as follows. 


3333-333 333-333 333.333˙333˙333 
3 37-037 037-037 its 12.345.679.0 12 + 
F 4115:226-337 Its; — — 823.045.268 — 
457.247.371 its, — 65.321.053 
, 50 805. 263 its 5.645 029+ 
5 5.645.029 its — 513.185 — 
5 527.225 its je — 48.248 
5 — 69.69 f its. — 4.646 
. vÜ— i TS 
—. 860 its — | 45+ 
m, ne ood ng 
Tic Nr e $62" © 7 25 i de 
2 


The Neper Logarithm of 2 i 693.147.180.560 


LE 2 
* * 


Hence 346. 573. 590. 280 the Natural Logarithm of 2 being 
doubled will give 693. 147. 180. 560. for the Natural Logarithm 
ot 4; and this again, . 5 wee 1386. 294. 361. 
120, Cc. for the Natural Logarithm of 16, Cc. in like manner 
1386. 294. 361. 120. the double of 693. 147. 180. 560. the Ne- 
pers Logarithm of 2 will give the Neper's Logarithm of 4, and 
this again being doubled, will give 2772. 588. 722. 240. for the 
Neper's Logarithm of 16, &c | 

Again, as the Natural Logarithm of 2 being multiplied by 3, 
will produce 1039. 720. 770. 840. for the Natural Logarithm of 
8; ſo the Neper's Log. of 2 being trebled, will give 2079. 441. 
541. 680, for the Logarithm of 8, ©c. . 


Again, 
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Again, it the Logarithm of 8; be multiplicd by the Logarithm of 
1 5, we ſhall hae the Logaricthm of 30; and; to find the Loga. 


rithm of 1,5. we, have given, 481, b=1 i, Whence, &=7, and 


9.1 3711. © 


22111. 11.111. 1112 111.111 111.111 
1.371.742. 112 its 3 457.247.371 
7. 16 935-087 its: —— 3.387.017 
pt — 1209075 its ——-— 29.868 
. 2.581 its 287 
— ——— 32118 —— _— 3 


. 28 . 2 r — 3 
The Natural Logarrithm of 1 111.571.775.657 
| EOS ; | = Þ$ 3 ; 3 


_ 


„„ _s - 


— — 


The Neper's Logarichm 1 143.55 1.314 


As 1039. 720. 770: 840. the Natural Logarithm of 8 being 
added to 111. 571. 775. 657. will give 1151. 292. 546. 497. for 
the Natural Logarithm of 10; ſo 2079. 441. 541. 680. the Ne- 
pers Logarithm of 8 being added to 223. 143. 551. 314. the Ne- 
per Logarithm of 1 will give 2302. 585.092. 994. for the Neper's 
On it ST WES FS CORE Be pe EN 1 

As theſe Linne which are called Neper's Logarithms, were 
thoſe that were firſt publiſhed by Neper the Inventor himſelf in the 
Year 1614; ſo theſe that. are ealled the Natural Logarithms were 
thoſe that were publiſhed in the Year 1619. by John Spidel, then a 
Proteſſor of Mathematics in London, to which they fitted Tables 
of Artificial Sites, ; Tavgents, and Secants; but as theſe were found 
nor ſo proper for the uſinęſs as could be wiſhed for, the Inventor 
himſelf, with the Aſſiſtance of Mr. Henry Briggs, alter'd the Form, 
and made the Logarithm of 10 to be 1,0000000000, Oc. and not 
2,30258509299, Oc. that is, he made the Number io the 
10000000000 th, Cc. Term in the Series, whence the Logarithm 
of 100 will be , 20000000000, Cc. that is the Number 100, will 
be placed in the 20000202900th place in the Series, and the Loga- 
rithm of 1000 will be rhe 30000n00000, Cc. that is, the Num- 
ber 1000 will be the 20000000000th Term in the Series, 
Sc. whence the Logartthm of all Numbers between 1 and ro will 
begin from o, that is tney will have ©, for the firſt Term towards 

the 
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the Left Hand, inaſmuch as they are each of them leſs than the Lo- 
arithm of 10, which has Unity in the firſt place; in like manner 
the Logarithms of all Numbers between 10 and 100 begin from 
Unity, inaſmuch as they are all greater chan 1,60000000, Cc. and 
leſs than 2,0000000000, Cc. for the ſame Reaſon the Logarithms 
of all Numbers between 100 and 1000 begin from 2, ſince they are 
all greater than the Logaritam of 100, which is fixed ar 2, and leſs 
than the Logarithm of 1000, which is made <qual to 3, after the 
ſame manner the Logarithm of all Numbers between o and 10000 
will begin from 3, and the Logarithms of all Numbers between 10c00 
and 100000 will begin from 4; that is, they will Lave a 4 for the 
firſt Figure towards the Lett Hand, Cc. T he firſt Figure of every 
Logarithm towards the Left Hand, which is ſeparated from the ref} 
by a Point is called the Index or Characteriſtic of that Logarithm. 
inaſmuch as it ſhews or points out the higheſt or remoteſt Place ot 
that Number from the place of Unity in the infinite Scale of Pro- 
portionals towards the Left Hand. Thus if the Index of the Lo- 
garithm be r, it ſhews that its higheſt place towards the Left Hand 
is the Tenth Place from Unity. If the Index be 2, it ſhews that its 
higheſt place towards the Left Hand from the place of Unity is the 
Hundredth place; and as all the Logarichms that have 1 for their 
Index will be found between the 1oth and Iooth place from Unity 
in the Order of Numbers; ſo all the Lovari:hms which have 2 for 
their Index, wil' be found between the 150th and 1000oth place, in 
the order of Numbers, &c. whence the Index or Characteriſtick of 
any Logarithm is always leſs by one than is the Number of Fignrcs, 
which correſpond or anſwer to.the Given Logarithm, 

Now inaſmuch as all Scales of Logarithms are made up of ſimi- 
lar Quantitics, it will be caſy from any Scale of Logcrithms whatſoc- 
ver to form another Scale of Logarithms in any given Ratio, and 
conſequently to reduce any Table ot Logarithms into anotl er of 
any given Form, by ſaying as any one Logarithm in the given 
Form is to its Correſpondent Logarithm in the New Form; ſo is 
any other Logarithm in the given Form to its Correſpondent Lo- 

garithm in the required Form; and hence we are taught how to 
reduce either Nefer's or the Natural Logarithms into the Form of 
Briggs; and the contrary 

For as 2,302, 585, 092, 994, the Neper Logarithm of 10 to 
1-0000000000, the Brigg's Logarithm of 10; ſo is any other Loga- 
rithm in Neper's Form to the Correſpondent Tabular Logarithm :n 


Brigg's Form; and inaſmuch as the 2 firſt Numbers conſtantly re- 
Ssss * main 
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main the ſame; if the Neper's Logarithms of any one Number 
be divided by 2.302,585 Cc. or multiplied by 434,294,481,903, 
the Ratio of 1,000,000, Cc. to 2,302,585, Cc. as is found by divi- 
ding t, ooo, ooo, Wc. by 2302, 58, &c. the Quotient in the firſt Caſe 
and the Product in the laſt Caſe will give the Correſpondent Brigg's 
Logarithm, and the contrary. | 
And again as 1,151, 292, 546, 497 the Natural Logarithm of 19 
is to 1,000,009,000,000 the Briggs Logarithm of 10; ſo as an 
o:.her Natural Logarithm to the Correſpondent Logarithm in Briggs 
Form ; wherefore if the Natural Logarithm of any one Number be 
divided by 1,151, 292, 546, Cc. or multiplied by (the Quotient of 
1,000,000, Cc. divided by 1,15 1,89, Cc. equal to) 868, 588, 963, 
806. the Quotient in the firſt Caſe, and the Product in the latter 
Caſe will give the Brigg's Logarithm Correſpondent to the Number 
IVE!), 
; Hence by dividing the Neper's Logarithm of 2, which has been 
tound to be 693,147,180,56, by 2,3<2,585,092,9, ot by multiplying 
the ſame Logarithm of Neper, viz. 693,147,180,56 by *434,294, 
481, 903, the Quotient in the firſt Caſe and the Product in the lat- 
ter Caſe will give 301,029, 995,66, for the Briggs Logarithm ot 2, 
Again, by dividing 346, 573,590, 28, the Natural Logarithm of 
2 by 1151292, 546,497, Cc or by multiplying the ſame Natural 
Logarithm by 868, 588, 963, 806, we ſhall have in either Caie 301, 
029,995, 66 for the Brigg's Logarithm of 2, as was before found. 


It inſtead of finding a Decimal Fraction equal to - we divide 


the Reciprocal Ratio of the the Neper or Natural Logarithm to 
the Brigg's by the reciprocal Ratio of d to 2, and divide that Quo- 
tient by the Square of z, and each ſucceſſive Quotient by the ſame 
Square of z, we ſhall have a Series of Quotients, which being divi- 
ded reſpectively by the ſeveral Co-efficients 1, 3, 5, 7, 9, Ce. will 
produce a New Series of Quotients whoſe Sum will give the Brigg's 
Logarithm of the Number propoſed. If we make uſe of the Reci- 
procal Ratio of the Natural Logarithm to the Brigg's; but the 
half Sum it we uſe the Reciprocal Ratio of the Nepers to the Brizg's 
Logarithm. 

Let it therefore be required to find the Briggs Logarithm of 2 to 
10 places, which is as far as the largeſt Tables now publiſhed extend, 
trom the Reciprocal Ratio of the Natural to the Brigg's Logarithm. 

Put therefore R=868,588,963,806, and 

Becauſe 41, 8 and L—=2: therefore 


RXF+SX33X3X£ 5 FTIXETEN Oc=L, 2. 289 
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289.5 29.654 60 f 289.5 29.654. 60 
+ 32.169,96 1.62 Its 3 10.723.320. 54 
„3.574.440. 18 its ; — 714-888 04 
L—397-160,02 „I! A 
3— 44.28.89 Its j— 4.903.21 
* rr P 
54480 its; W 
0.5; its 4.03 
7 — 0.72 1842 — 40 
9— 74 its — ——— — 4 


The Briggs Logarithm of 2 is 


— 4 


301 029.995. 66 


ao 


Again, if it be required to find the Brigg's Logarithm of z. 
Becauſe a=1, b=3, d=2, and 2=4 ; rherefore, — S2. And, 
2 


= 3 * — + 2 x =, &c. will be the Logarithm of 3; where- 


3 
fore, if half of R be divided by 4, and each Quotient ſucceſſively 
by the ſame Number, and thoſe again by the Indices of the odd 
Powers, the Sum of theſe laſt Quotients will be the Brigg's Loga- 
rithm of 3; but inaſmuch{as this Series converges very ſlow, 
the lame Logarithm of 3 may be found much quicker, by finding 
the Difference between the Logarithm of 2 already known, an 


the Logarithm of 3 required. ; 
put therefore a=2, Bz, then will z=5, and d 1 2 * „ and 


2 


25 the common Multiplicator equal to , wherefore if R be di- 


vided by 5, and that Quote by 25, Cc. and thele ſeveral Quotes 
by 1, 3, 5, 7, Cc. the Sum of theſe laſt Quotes added to the Lo- 


garithm of 2, will give the Logarithm of 3. 


8sss 22 The 
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The Operation ts as follows, 
868.5 88.963 80 R 


3 — 173.717 792.76 173.717.792. 76 
6.943.711. 1 its; 2.3 16.23 7.24 
_ 277-948 47 Its 5 ——55.589.69 
EF ;£1.117-94 Its * 1.5 88.28 
1 1446 7365 — 4941 
217.79 its 1 — 1.62 
TÞ —71 its; — 


— — — 


_ 


Diff. between the Log- of 2 & 3= 3 76. o 1.25905 


uy . —⁰. ow 
— 


—G— — ha» of 


Wherefore if to the Logarithm of 2, equal 301:029.995.66, be 
added 176.019.259-055, the Sum 477.121.254.71, will be the Lo- 
garithm of the given Number 3. Again, becauſe ax2 4. There- 


fore. 
To find the Logavithm of 4. 


Add 301.029.995 66, the Logarithm of 2, to its ſelf; or multi- 
ply the ſame Logarithm of 2 equal to 301.029 · 995. 66 by 2, the 
Product 602.059. 99 1. 32, will be the Logarithm of 4 

And again, becauſe 2x5=10, 


To find the Logarithm of 5. 
From the Logarithm of 10 p — 1,000:000 ooo. oo 
Take the Logarithm of 2 —— — 301029. 995.66 


There remains the Logarithm of 5 —— ——— 698 970.004.34 


And becauſe 2x3=6. Therefore, 
To find the Logarithm of 6. 


To the Logarithm of g —— — — 247.127.2547 
Add the Logarithm of 2 = — — — 301.0 3 Gs 


— wo — — 


The Sum will be the Logarithm of 6 77815 1. 250.38 


The Logarithm of s being known, the Logatithm of 7 will be 
readily had by the General Theorem. 3 1 
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For putting a 6, 6=7, we ſhall have 2=13 and d=1, and — - 


1375 whence—- xR will be equal to 66.814.535.68, «and EE 


quently, 
17F 66.814-535-68= 66+ 814535 68 
1 —395-352-28 its z—=13 1-784-09 


1 2.339. 36 its; 5 467-87 
775 ———13 841ts g — 1.98 
r Tm 8 — — 
The Diff of the Log, Fe” 6 & 7= 66946 789.63 
5 
To the Logarichm Of 6—— .-... — —— 778 151.250-38 


Add the Difference found—ñꝝœñ —— ——66 946 789.63 


— ñ — — — —d 


The Sum will be the Logarithm of . 845 098 040-01 


And becauſc 2*=83, if 3.301.029.995.66 be trebled, the Product 
o. 903.089. 986.99, will be the Logarithm of 8. 
Again, becauſe, 3x3=9=3*, therefore, 2 L 3 g; wherefore, 
To find the Logarigghm of 9 


Multiply the Logarithm of 3 equal to — 
By the Number 2 


The Product will be the Logarithm of 9g _—-—= 954 242/509-438 


—— ᷣ—— — — 


477121254719 
N 2 


From the Logarithm of 10 equal to 1.000 000 000.00, may the Lo- 
garithm of 11 be eaſily found, by the General Theorem. 

For putting a=10, b=11, and z=21, and d equal to 1, and 
= = v and — = XR=41- 361-379-23, and conſequently, 

wh = .361-379 23 41 361.379 23 

93.789. 97 ĩts 3 — — 31.263 32 
212.67 its; 1 42˙53 
— 49 its } — — 
— ˖˙— Cart ween—_ — — 


The Diff between the Log of 10 & 11 41'392'685-15. ; 


This therefore added to 1.000-000 000,00 the Logarithm of 10, 
will give 1.041-392685-15, for the Logarithm of 11 And 


+ 
$) = 
wi 


680 Of the Nature and Conſtruction of Logdrithms. 
And again, beacauſe 6x2=12, if ro the Loparithm ot 6 equal 
to 778.151-250.38, be added the Logarithm of 2 equal to 301.029 
.995:66, the Sum 1079 181,246.04, will be the Logarithm of 14. 
Whence, 
To find the Logarithm of 13 the next Prime Number. Putting 


42 pOc a: 
a=12, b=13, 235, d=1, WE ſhall have —— R= 34.743 558 


$552 ; and conſcquentty, Oh ft 
15 — 34:743:55955 34743-558.55 

$4, —— 3.89.69 its 3 — 18.529 90 
— S-rgN ooo 17.79 
21 —— 141 ——2 

— — ————¶ Æ—ë— é — — 


The Diff between the Log. of 12 & 12 


— 


34761106. 26 


Which being therefore added to the Logarithm of 12 equal to 
1.79.18 1. 246.04, will give 1.113 · 943 ·35 2.30, for the Logarithm 


of 13. eee * | * 

And again, becauſe 7Xxa=14 Therefore, | 

If to the Logarithm of 7 ———— — o. 845. 98. o40. oi 
Be added the Logarithim of 3 0.301.029 995.66 


1 — 


The Sum will be the Logarithm of 147 ——1.146.128 035.67 


————_—_—_——_ oe _ 


Again, becauſe 5x3z3=15. Therefore, 
If to the Logarithm of; 0.698 970.004.33 


Be added the Logarithm of 3 —— ——0.477.121.254.72 
Tue Sum will be the Logarithm of 15 ————7: 176.091-259.05 


Again, becauſe 4x4=4*=16. Therefore, 1 
If the Logarithm of 4 equal to ———0,602.059.991-32 
Ee multiplied by 2— —— — —— | 2 


—— — — — —è 


The Product will be the Logarithm of 16——— 1.20411 9982.64 


— — 


Hence the Logarithm of r7 may be eaſily computed: For put- 
= x NED 31 | of | 
ting a=16, b=17, 2=33, and d=1, we ſhall have = x R = 26. 
320:877-69z and conſequently, | 


"6 
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1735 26-320,877.69 26.320.877 69 
* 24-169.77 its; N = 8.056. 59 
18 5 — 22-19 its; — 4.44 


— — 


The Diff betw. the Log. of 4 16& 17 26-320. 938.72 


A OE —Fä•—ñ 


f . —— — 7 — mr. 


Which therefore added to 1. 204,119 982-69 the Logarithm af 
16 before found, will give 1-230 448. 921.3, for the Logarithm of | 
17. | 

Again, becauſe 2x9=18. | | 
If to the Logarithm of 9 equal to — -— — 0954 242-509 44 
Be added. the Logarithm ot 2 equal to 0:301 029.995 66 [ 


S” — — 


The Sum will be the Logarithm of 18 equal to — 1-255-272.505-10 


Whence.to find the Logarithm of 19, the next — Number, | 
put a 18, þ=19, then will 2=37, and d=1, and ri, and 4 | 
— 


K 235 377-400. Whence, 
6 23 475 377.40 23.475.377. 40 | 
. i 


2 — 17 147.83 its F 
17 12:52 its 5 —— 2.51 
The Diff. betw- N of 18 & 19 23. 48 1.095. 85 1 * it 


— —— 9 


This e added to t. 25 5. 272.505. io the Logarithm ol 18, 
will give 1. 278.75 3.600. 95, for the Logarithm of 19; and becauſe 
2x10=4x5=20, therefore, 


If to the Logarithm of ro ————————,000.000.000.00 ; 
Be added the Logarithm of 2 — - 301.029 995.66 
The Sum will be the Logarithm of 20—— "= 301.029. 995-16 
Or, : 
It to the Logarithm of 4 equal to 0.602.059.991-33 
Be added the Logarithm of 5 equal to 9.698 970.004.333 


The Sum will be the Logarithm of 20 —=—_—1,;z01-029-995.66 


—— — — 


Hence 
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Hence the Logarithm of 1 being 0c0,000,000, Oc. 


The Logarithm of 2 is 0,301,029,995,66 
3 0,477,121, 254,72 

+ 0,602,059,991,33 

5 0,698,970,004,34 

6 , 778, 15 7, 250, 38 

7 o, 845, og8, og30, ol 

121 8 þ 0,903,089,986,99 
9 0,954, 242,509, 43 

10 1,000, ooo, ooo, oo 

11 1,041, 392,685, 16 

12 1,079, 18 1, 246, 05 

13 1,113, 943,352,31 

14 1, 146, 28, 035, 68 

15 1, 176, o91, 259, 06 

16 1, 204, 119, 982, 66 

17 1,230,448, 921,38 

18 1,255, 272,5 25, 10 

19 1, 278, 75 3, 600, 95 

20 1,301, 29, 999, 56 


After the ſame manner may the whole Table be conſtructed. 

But if the Logarithm be computed to Seven Places only, which 
is as far as the Tables commonly uſed do extend; which are ſufficient- 
ly exact for all Ules, except in very extraordinary Caſes, twoT hi;ds 
of the Trouble will be ſaved. ; | 

The Excellency of this Method will better appear, by comparing 
the ſeveral preceding Compurations of the Prime Numbers toge- 
ther; by which it is obvious, that as the Prime Number it ſelf in- 
creaſes, the Operation decreaſes; and the fewer Steps are requiſite, 
till at laſt the firſt Step will fuffice to find the Difference to any Num- 
ber of Places requifite. f | 
Ts in the — Tables which extend but to Seven Places 
in Decimals, when the Difference 4 becomes the one Two Hun- 


dredth Part of the Sum ⁊, the firſt ſtep R, will give the Diſſe- 
rence between the Logarithms true to the ſame Number of Places 


For 
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For if 868.588 9 be divided by 201, the Sum of the Numbers 100 
and 101, the Quotient 0043213, will give the Difference between 
the Log. of 100 and rot true to 7 Places, which therefore being added 
to 2.0000000, will give 2,0043213 forthe Logarithm of 101; ſo 
that the Logarithms of the Prime Numbers under 100 being found, 
the Logarithm of all the Prime Numbers above 100 may be found 
by one ſingle Diviſion, and the Logarithms of all the intermediate 
Numbers by the Addition and Subſtraction of thoſe alceady found. 
As the Addition of Logarithms anſwers to the Multiplication of 
the Numbers they repreſent, and the ſubſtracting one Logarithm from 
another, produces the Logarithm of the Quotient reſulting from 
the Diviſion of the one of the correſponding Numbers by the other, 
ſo when we are about to find the Logarithm of any Prime Number, 
it the Numerator of the Fraction reſulting (by adding and ſubſtract- 
ing of x, to and from the given Number) be more than 1, (inaſ- 
much as the Series formed from it deverges but very {lowly) the 
Logarithm of ſuch a Number is more readily made by the Loga- 
rithms of its two Compoſers or Factors, whoſe Fac or Product is 
equal to the given Number, wherein one of the Factors is ſuch a 
Number whoſe Logarithm is already known, the other ſuch aNum- 
ber as that by Addition and Subſtraction of 1, there may reſult 
ſuch a Vulgar Fraction as ſhall have 1 for its Numerator ; by which 


means the ſeveral Powers thereof may be formed with greater Eaſe, 


and conſequently all the Operations more expedited and facilitated 
than when the Numerator is a Number greater than Unity ; and by 
how much the greater is the Denominator than Unity, by ſo much 
the ſwifter does the Series converge. ; 

And in the Choice of theſe Factors conſiſts chiefly the Expeditious 
and Eaſy Conſtruction of a Table of Logarithms. 

Thus if we are about to make the Logarithm of 3 by two Num- 
bers whoſe Fac is 3, the two Numbers moſt convenient will be 2 
and 1+, for the Logarithm of 2 being known, and 1 being added 
to, and ſubſtracted from 1+, will give 4 z the Square of which be- 
ing :4, will give us 25 for a continual Divilor, which will cauſe 
the Fraction to converge much ſwifter than by dividing by 4, the 
Denominator of the Fraction reſulting from the Addition and Sub- 
ſtraction of 1, to and from the given Number 3: 

Again, if we are about to make the Logarithm of 7, the next Prime 
Number, it is much eaſter performed by conſidering the Number 7 
as made up, or produced by the Multiplication of 6 by x +7, (which 
Logarith. of 6) being a Compound of the Logarithms of 2 and 3, 

Tttt“* ſup- 
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ſuppoſed to be already found) whence the Denominator of the re- 
ſu ting Fraction will be 13, and its Square 169 for a common Di- 
viſor,) then by the Additionof 1, to or from the given Number 7, 
which will produce 5, the Square of which is 4% for a common 
Multiplicator. 

In like manner the Logarithms of the firſt three Prime Numbers 
2, 3 and 5, are much more eaſily formed by their component 
Factors 1 5, 1, 14, than by the Numbers themſelves; as any 
one may ſee who will but be at the Pains to compute them, 

As the Logarithms cf x, 10, 100, 1000, 10000, Cc. in Nepers 
Form, are made equal to o, 1, 2, 3, 4, Cc 
Hence it is that the Logarithms of all Numbers which increaſe 
or decreaſe in a Ten- fold Proportion, difler from each other only 
in their Characteriſtics or Indices, the Fractional Number remain- 
ing conſtantly the ſame: And hence it is, that the Fractional 
Number .30102.99956.6 which is the Logarithm of 2, wien the 
Index is a Cypher, becomes the Logarithm of 20, when the Index is 
made equal to 1. the Logarithm ot 200, when thelndex is put equal to 
2, and the Logarithm of 2000, when the Index is put equal to 3, Cc. 
and the ſame Logarithm of. 30 102 99956. 6 which is the Logarithm 
of 2 when it has nothing fer its Index, becomes the Logarithm of 
Te, when the Index is made —1 the Logarithm of 1, when the 
Index is —2 the Logarithm of 53x, when the Index is made —z, 
Ce. the Fractional Number remaining {till the ſame ; for becauſe 1 is 
to 2, as fo to 20; as 100 to 200; as 1000 to 2000 ; © the diſtance 
between the Numbers 1 and 2, 10 and 20, 100 and 200, 1000 
and 2006, Cc. are equal to each other, and the Number of Terms 
in the infinite Scale of Proportionals between the Number 1 and 2, 10 
and 20, 100 and 200, 1000 and 2000, that is the Logarithm of that 
diſtance will be the ſame; and ſince the Logarithm of 1 is 9.000.000. 
ooo o, of 10 is 1,000.000-000.0, of 100 is 2.000.000 ooo o, and the 

Logarithm of 2 is 30102. 99956. the Logarithm of 20 will be 
1.30102 99956.6, of 200 2. 30102299956. 6, of 2000 3.30 10299956, 
and of 20000 4 30 10299956 6 Cc. wherefore, inaſmiich as the 
Numbers 37251, 3725.1, 372.51, 37-251, 3.7251 37251, 

0 37251, . 100.3725 1, are continual Propoportionals, vis. in the 
Ratio of 0 to x, the Number of Terms between each in the ia— 
Snite Scale of Proportions will be equal: Ard inaſmuch as the 
Logarithm of 37251 is 457113.79358, the Logarithm of the other 
Numbers will be 3-57113-79358 2:57113.79358, 15711379358, 
9.57113.79258, —1.57113.79358, —2.57113.79358, —3-57113- 
79332, Cc. This 
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This Property of having the ſame Number repreſent or become 
the Logarithm of an infinite Series of Numbers by increaſing or dimi- 
niſhing the Characteriſtic by Unity, is pecultar only to the Brigg's 
Form, and gives it a Preference beyond all other Kinds of Loga- 
rithms hitherto known, not only for the ready finding of the Lo- 
garithm to any given Number, and che contrary ; but for finding 
Logarithms to Numbers and Numbers to Logarichms which excced 
the Bounds of the Table. | 

ic has been already ſhewn, if z ſtand for the Sum of any two 


2 d 1 
Numbers a and 6, and d for their Difference, that * R, will give 


the Difference of the Logarithms between a ard & true to 7 Places 
when the Number is greater than too; and the ſame will hold 
good to 10 Places wnen the Number is greater than 1000. Let it 
therefore be required to find the Logarithm of 37 271 256, from the 
next leſs Tabular Logaritlim to the given Number, by the ſame Law. 
inaſmuch as the next leſs Tabular Number to the given Nuwter 
is 37271000, if 868.588 963.8 equal to R, be divided by 291181, 
the Ratio of 74542256, the Sum of the given Numbers 
37271256 and 37271000 to their Difference 256, the Quotient 
29829 added to 57137. 10453, the Fractional part of the Logarithm 
anſwering to 37271000, will give -5713740282 for the tractional 
part of the Logarichm required ; to whici: prefixing 7 for the Index 
becauſe the given Number conſiſts of 8 Figures, we ſhall have 
7.5713740282 for the true Logarithm of the given Number 
37271256- . 

But inaſmuch as while the Numbers themſclves increaſe, the Dif- 
ference ot their corre{pondene Logarithms conſtantly decreaſe, and 
approach nearer and nearer to an Equality of Ratio with the Num- 
bers themſclves ; if the given Number conſiſts but of a few Figures 
more than the Tabular Numbers, the proportional Logarithmic 
Augment or Decrement may be ound, from the common Diflerence 
between the next greater and leſſer Tabular Numbers, to the given 
Number, by the common Rule of Proportion, by ſaying ; 

As Unity (with as many Cyphers as the Number of Figures in 
the given Number, exceeds the next leſs Tabular Number) 

Is to the Difference between the Tabular Logarithm of the two 
next Numbers, above and below. the given Number; 

So is the Exceſs of the given Number above the next leſs Tabu- 
lar Number: 

| Tett 2 * Te 


* 


— —— — — 
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To a fourth Proportional ; which being added to the Tabular 
Logarithm of the next leſſer Number to the given Number, will 
give the Logarithm of the given Number, 

Thus in the former Example, to find the Log. of 37271256, from 
the Logarithm of the next greater and leſſer Tabular Numbers, 
it will be, | $ — 

As 1000 to 116521 the Difference between 57138.26974 the 
Fractional Part of 3727200, the next greater Tabular Namber to 
the given Number, and 573710453 the Fractional Part of the next 
leſſer Number, to the given Number; ſo is 256 the Exceſs of the 
given Number above the next leſs Tabular Number, to 29829 the 
proportional Augment ; which therefore added to 5713710453, 
the Fractional Part of the Logarithm of the next leſs Tabular Num- 
ber will give 5713740282, for the Fractional Part ot the Number 
to which prefixing 7 for the Index, we ſhall have 7.5713740282 for 
— Logarithm of the Number 37271256, the ſame as was found 

ore. 

Hence the Natural Sine, Tangent, or Secant of any Arch being 
given, we are taught how to find the Artificial Sine, Tangent, 
or Secant of the ſame Arch,* viz. by entering the Logarithmic 
Table, and finding out the Tabular Logarithm of the given 
Number, expreſſing the Artificial Sine, Tangent or Secant of the 
given Arch ; for thatNumber will be the Logarithmic Sine, Tangent 
or Secant of the Arch propoſed : Thus the Natural Sine of 80 deg. 
being 9848-0775.30 fach parts as the Radius is 1.0000 0060.00 
the correſpondent Logarithmic Sine will be found to be 9.9933, 
514589, the Radius of the Artificial Sine being 10.0000 0000.00, 

In like manner the Logarithmic Secant of 10 degrees will be 
found to be 10-00664 85411, the Natural Secant being 1.0154.267 
and the Logarithmic Tangent of 5o Degrees, will be found to be 
10.076 1.864698, the Natural Tangent being 11917536. 

After the ſame manner may the Logarithmic Sine, Tangent, or 
Secant of any Arch be found, and conſequently the whole Table of 
Artificial Sines, Tangents and Secants may be readily formed ; the 
Tables of Logarithms and Tables of Natural Sines, Tangents, and 
Secants, being firſt given. 

But the Logarithmic Sine, Tangent or Secant, of any Arch may 
be directly found, independent of the Tables of Logarithms; for 


was | 


by putting S for the Sine of any Arch, and q= $575 ve ſhall have 
= 
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Les x 4+; q* +5 9*T39q', Ce. for the Logarithmic Sine of the 


n 
ſame Arch; and if in the room of S in the former Series, we put 
t for the Tangent, or C for the Secant of any Arch, the ſame Series 
will produce the Logarithmic Tangent or Secant of the given Arch. 

But if inſtead of & the Right - ſine in the former Series, we put a 


for the Length of the Arch it ſelf, then will ＋ * —14— 11 af 
a, Cc. be the Logarithmic Co- ſine 


— r a —. 224 — 74757 
of the ſame Arch in Brigg's Form, the Radius being aſſumed equal 
to 10-000 000.0, and # equal to 2.30585, Oc. Thus, 

Suppoſe it were required to find the Logarithmic Sine of 89 De- 
grees. from the ſame Series. 

Becauſe by Se. the 2d of Part the 2d, where the Radius is. aſ- 
ſumed equal to Unity, the Arch of the Semicircle will be 3 1415. 
9265.358, if this be divided by 18, the Quotient 1745.3292.519 
will be the Length of the Arch of 10 Degrees in the ſame Parts: 
Put this therefore equal to a, 

Then will + a* be equal to — . —J— 0152.308710 
And . at equal to — __ — 7732.65 


And . 7, a* equal to ———— xͥk⸗ 


2520 


And conſequently, 14 - af T4; af +557 af 9152.088314 


— — — 


This therefore taken from . 3025 8509.29, will leave 2.2872» 
7626-15, which being multiplied by 43 42.9448. 190, will give 
99335 145.89 for the Fractional Part of the Logarithmic Sine of 80 
Degrees, to which therefore prefixing 9 for the Index, becauſe the 
Radius is put equal to 10, we ſhall have 9. 9933514589 for the 
Briggs Logarithmic Sine of 80 Degrees; and after the ſame manner 
may the Logarithmic Sine of any other Arch be found, independant 
of the Logarithmic Tables, and the whole Table of Sines con- 
ſtructed. 

The Logarithmic Sines being thus obtained, the Logatithmic 
Tangents and Secants may be found, by the ſimple Addition and 
Subſtraction of the Logarithmic Sines, to or from each other: 

For becauſe the Co- ſine ot any Arch is to its Right · ſine, as the 


Radius is to the Tangent of the ſame Arch · 4 
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If from theSum of the Logarithms of the Radius and Right ſine of 
an Arch be taken the Logarithmic Co- ſine, the Remainder will be 
the Logarithimic Tangent of the ſame Arch: Thus if it were re- 
quired to fnd the Logarithmic Tangent of 80 Degrees, from the 
Logarithmic Sine and Co- ſine of the ſame Arch. 

To the Logarithmic Sine of 80 deg. 


9.99335-14589 


Add the Logarithmic Racius —— 10-00000.00000 
From this Sum — 1995335. 14589 
Take the Logarithmic Co- ſine of 80 deg. ——<— 9.23967. 023 


— — —— 


The Remain: will be the Log. T angent of 80 deg- 10.75 36812289 


k ed — — 


Again, becauſe the Radius is a mean Proportional between 
the Co- ſine and Secant ot the ſame Arch, if from twice the Radius 
be taken the Logarichmic Co ſine of an Arch, the Remainder will 
be the Logarithmic Sccan: of the ſame Arch: Thus, if it were 
required to find the Logarithmic Secant of 10 Degrees, from the 
Logarithmic Co- ſine of the ſame Arch , 

From twice the Logarithmic Radius —— 20 00000 00000 
Take the Logarithmic Co fine of 10 deg. =—— 9.99335 14589 


PE ee ee 


Remains the Logarithmic Sccant of 10 deg. = — 10 00664 85411 

Again, inaſmuch as the Radius is a mean Proportional between 
the Logarithmic Sine and the Logarithmic Co-ſecant ot the ſame 
Arch. g 


If from twice the Logarithmic Radius — 20 00000,00000 
Be taken the Logarithmic Sine of 10 deg, —- 9.23967-02300 


There willremain the Logarithmic Secant of 80 deg. 10-7603 2.97700 


so that the Logarithmic Sine and Co-ſine- of any Arch being 
known, the Logarithmic Tangent, Secant, and Co-ſecant of the 
ſame Arci is readily found. | 


But the Logarithmic Secant it ſelf of any Arch may be dirc&ly 
found, without the help of the Logarithmic Sine. 


For if we put a for the length of the given Arch, then = x 1 
+ la 1a EY, Cc. will be the Logarithmic Secant * the 
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ſame Arch: Thus if it were required to find the Logarithmic Se- 
cant of io Degrees, from the length of the Arch of 10 Degrees e- 
equal to 1745,32935 2, Ce before found, 

To a equal to — —015 2.3087 10 
Add 1 4 equal to —ꝛ⁊äãʒw . — 5732.65 
Alſo , a“ equal to⸗yyꝛ⁊xwpw n— 6, 


And vi a* equal ro - 58 


— —ñ—äÿͤ —— = — — —4ͥ ey 


—— — — 


The Sum equal to ———15z3.0883.14 


Being added to n equal to 2 3025 8509 29, will give 2.3178. 
9392-43, which being multiplied by 4342.9448.1903, and adding 
the proper Index, will give 10.0066.4854 11, for the Logarithmic 
Secant of 10 Degrees. 

The Logarithmic Secant being thus obtained, the Logarithmic 
Sines and Tangents themſelves may be found, by the Addition and 
Subſtraction of the Logarithmic Secants, to and from each other, 
according to the former Rules. 


2 1 [i 7 1 * . 
Again, becaule „ x a-Þ-; a*-+ e a*-ti54s a” +5: a?, Oc is 
equal to the Logarithmic Tangent of 45 Degrees ＋ the given 


Arch à in Brigg's Term, If it be required to find the Logarith- 


mic Tangent of 50 Degrees, put a=1745-3292.52, c. the length 
of che Arch of 10 Degrees, the Radius being 1,000000, Cc. Then, 
To a the length of the Arch of 10 deg. — 1745.3292.42 
Add + a* equal to —— — — — 8.8609 52 


Alſo a cqual to — — — - 674-80 
6 - a 

And a equal to —— — 3 — — 3.57 

And 7 a? equal to ——— heb = 

The Sum 9 PPP 1754.258297 


Being multiplied by 4342 9448.19, will give 761.8646 98, to 
which prefixing 10 for the Index we ſhall have 10 07618-64598 tor 
the Brigg's Logarithmic Tangent of 50 Negrecs 

Again, becauſe the Radius is a mean Proportional between the 
Tangent and Co-tangeat of an Arch. 

It from twice the Radius be taken the Logatithmic Tangent of 


an Arch, the Remainder will be the Lozarithmic Tangent of the 


Complement of that Arcli to a Quadrant. 
: | © 
2p 
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| Suppoſe it were required to find the Logarithmic Tangent of 40 
Degrees, from the Logarithmic Tangent of 50 Degrees firſt given. 
From twice the Logarithmic Radius 20-00060 00000 
Take the Logarithmic Tangent of 50 Degrees 10 0761864698 


The Remainder will be the Log: Tang. of 40 Deg- 9.92381.35302 


nm 


Hence the Logarithmic Tangent being made for either half of 
the Quadrant, the reſt may be found by Subſtraction. 

The Logarithmic Tangents being thus obtamed, the Logarith- 
mic Sine and Secant may be readily found by Addition and Sub- 
ſtraction only, by the Rules delivered in Page 688. 

And hence we ate taught various Methods for computing the 
*Logarithmic Sines, Tangenrs and Secants of any Arch, and conſe- 
quently a ready and expeditions Way of Conſtructing the Tables 


themſelves, | | 
I 
It has been already ſhewn, that — Xx—4 , x, Cr. 


1 g 


equal to 1 L =I will be the Logarithm of the Ratio of x to 1+*, 
where n repreſents any infinite Index, and x any Number taken 
at Pleaſure. Now if L be put for the Logarithm it ſelf, then 


14 will be equal to L, conſequently, 14-x will be equal to 


— — 


u 
Ly, and 1＋ equal to L and becauſe L+x = 1+ # LA 


. 5 fog D un Nen 
. eee. ac. by 


2 | | , | 4 : 
the General Theorem, in Page the 66gth, when # is -finite, when 


—; | 
n becomes infinite LI will be equal to x +» L+4 #*L* +1 n* L 
b+ 40 L* Tra L Trig Litre”, Cc. Tx. In like 


I 
manner, becauſe 1 K* IX E41 * ＋ z, &c. e- 


4 
— a 
15 | . | A 8 Pk 2 
qual to 1—1— is the Logarithm of the Ratio 1 to 1—x, 1—1—* 


will be equal to L, conſequently t=x=1—L, and t=x=1— L, 
| where 
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wherefore by the ſame General Theorem, 1—x=1—T, will be e- 
qual to 1—#L+ n L — n L ZIA L— 1 n LI nf LO 
77e n L, &c. 


- Whence 1 15 122 TAZ n I. 21 L' * 
An L, &c. which is a General Theorem for finding the Number 


129 


trom the Logarithm given, of any Form whatſoever. 
And becauſe u=1000000,0@c. in Nepers Form 1 15 F=z LL. 


215 +1 73+ & £* Meer © &c. will give the Number anſwe- 


ring to any Logarithm in Nepers Form. 

Hence any one Term of the Ratio whereof L is the I ogarithm, 
being given, the other Term will be obtained readily ; for putting 
a for the leſſer of the two Terms, and 6 for the greater, aK“ L 
SEL +3L*+L* FL, &c. will give the greater; and bx1 
—L+ IL —$L3+ AL. -= L, &c. will give a the leſſer, in Ne- 
pers Form. Or, 
axi+n L+tn*L* +; nu I + 53n* L'+:25 L, &c. s: And, 
axti—n L+i n* L- LI L* — 55 L', &c. a, in any 
Form. a 

Let d ſtand for the Difference between the given Logarithm and 
the next neareſt Tabular Logarithm; then . wl aK dd 
14) 4 d'+rir d, &c. N. d 

, 


bxt—d d- d dr d, &c. N, the Number requi- 
red in Nepers Form. Or, 

axi+ud+3in'd* EA d 1 „ 

nd, 

bxi—nd +#n* d- d T n*d' - d, &c. MN, 
the correſpondent Number in Logarithms of any Species. 

Let it therefore be required to find the Number anſwering to 
72.5713740282 in Brigg's Form. 
Becauſe 7.5713710453 (the neareſt tabular Logar. to this) is leſs 


than the given Number, put 37271000 the Number anſwering to 


it, equal to a, and the Difference between the two Logarithms 
0000029827 equal to d, then will n equal to 2 30258, Cc, multipli- 
ed by d produce 0000068683 ; which being jncreaſed by 1, and mul- 
tiplied by 37271000, the next neareſt Number in the Table, will 
give 37271255-988 for the Number anſwering to the given Loga- 
rithm : Or, if 0000068683 be multiplyed by a, equal to 37271000, 

Vuuu * the 


| 
| 
j 
7 
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the Product 255.998 increaſed by «, equal to 37271000 will 
give 37271255,988 for the Number required; and after the ſame 
8 may the Number anſwering to any given Logarithm be 
ſound. | 

Hence and from the Gexeral Theorem, may the Number anſwering 
to any Logarithm be found, and conſequently an Anti-Logarithmic 
Canon be conſtructed, ſhewing the Natural Numbers anſwering 
to everyLogarithm, ſer down in a Natural Order from 1 to 100.000, 
whence the Number anſwering to any Logarithm might be 
found with the fame Eaſe as we find the Logarithm for any Num- 
ber in the Logarichmig Canon, which would render the Logarith- 
mic Tables compleat, and ſich a Canon was conſtructed ma- 
ny Years ago, as Dr. Wallis infqrms us, bur loſt for want of due 
Encouragement to Print it, 

But the Number anſwering to any given Logarithm may be found 
much more eaſily, and ſufficiently exact for common Uſes, by the 
common Rules of Proportion: | - 

For having found out in the Logarithmic Canon; the next leſs 
Logarithm to the given Logarithm, ſubſtra& it from the next greater 
Tabular Logarithm, and call the Remainder the Tabular Difference, 

5 Then ſay, 

As the Tabular Difference, 

To an Unite, with as many Cyphers as there are Places wanting; 

So is the Exceſs of the given Logaxithm above the next leſs Ta- 
bular Logarithm, | 

To a fourth * Number. 


So is the DefeR of the given Logarithm, to the next greater Tabu- 
lar Logarithm, | 


Toa tourth Proportional. 2 
Which fourth Proportional being added in the firſt Caſe to the 


Tabular Number, ſtanding againſt the next leſs Tabular Logarithm ; 
ro the given Logarithm bur in the ſecond Caſe ſubſtracted from the 
| Tabular Number ſtandiny , againſt the next greater Tabular Loga- 
rithm, to the given Logarithm, will give the abſolute Number an- 
ſwering to the given. Logarithm. 

Thus if it were required to find the abſolute Number anſwering 
to 75713740282, a given Logarithm, as in the former Example. 

Searching the Tabular.Canon, F find the next leſs Tabular Lo- 
garithm to the given Logarithm to be 7.5713710453, and the ab- 
ſolute Number anſwering to it to be 37271.000 ; Likewiſe in the 


w 


fame 
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ſame Canon I find the next greater Logarithm to the given Loga- 
rithm to be 7-5713826974, and the abſolute Number anſwering to 
it to be 37272000 ; then I ſay, as 116521, the Difference betwixt 
tle two Tabular Logarithms, to 1000; ſo is 29829, the Exceſs 
of the given Logarichm above the next leſs Tabular Logarithm, to 
255-99, the fourth Proportional; which being therefore added to 
37271000, the Number anſwering to the next leſs ' Tabular Loga- 
rithm, will give 37271255-99, or 37271256, for the abſolute Num- 
ber anſwering to the given Logarithm ; or ſo is 86692, the Exceſs 
of the next greater Tabular Logarithm above the given Logarithm, 
to 744, a fourth Proportional; which being ſubſtracted frum 
37272000, the Number anſwering to the next greater Tabular Lo- 
garithm, will give 37271256, tor the Number anſwering to the gi- 
ven Logarithm agreeing with the former Anſwers. 

From the Principles here laid down, ſeveral other Series might 
be drawn, and conſequent!y ſeveral other Methods might be ſhewn 
for the coſtructing of Logarithms, and the contrary ; but as the 
chiet End of this Section was only to explain the Nature of chem, 
and ſhew the Manner how they may be made, I ſhall leave the tar- 
ther Proſecution of them for this time, being well aflured that there 
is nothing here delivered, but may be clearly underſtood by any 
Perſon who is but moderately skill'd in the Fundamental Rules of 
common Algebra. ä | 

As my chief View in this Section, as well as throughout the whole 
Work, has been to deliver every thing in as plain a manner as can 
be, and ſo as that it may be underſtood by the mean it Capacity; 
tis for this Reaſon that I have explained the Nature o: Logarithms 
by the help of the Logarithmic Curve; wherein the Logatithms or 
Sum of the Ratio's are expounded by Right-lines, and the Ratio's 
themſelves by the Magnitudes of taeLines compared with each other. 
For altho the Subject of Logarithms be a Thing purcly Arich- 
metical, wherein nothing beſides the Nature and. Properties of 
Numbers are to be conſidered, yer this Way of repreſenting them 
by Lines, as it is a Thing allowed of, and practiſed by the greateſt 
Geometricians, ſo it certainly fixes a more juſt, diſtin&, and laſting 
Idea in the Mind than can be done from the Conſideration of abſtra- 
cted Numbers only; wherein the forming a true Conception of the 
Nature of Ratio's and Ratiunculæ, is a Thing not ſo eaſily attain- 
ed by Beginners; and of theſe as well as of other Parts of pure 
Mathematicks, that Perſons have formed to themſelves falſe Notions, 

| Uuuy z“ and 
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and their Minds have not rightly been informed, there need no 
greater Proof than the ſeveral Miſtakes and Blunders that have 
been committed by Perſons, in Things purely Mathematical , and 
which would admit of the ſtricteſt Demonſtration, | 

Logarithms are not only very uſctu! in facilicating Trigonometrical 
Calculations, for which they were principally invented; but in the 
Solution of all Arithmetical Queſtions wherein Multiplication and 
Diviſion is concerned, and are capable of giving Solutions to ſome 
Problems that are ſo operoſe by the common Wap, that it is next to an 
Impoſſibility to give an Anſwer; for inaſmuch as Multiplication is 
performed by the Addition of the correſpondent Logarithms, and 
Diviſion by ſubſtracting of one Logarithm from the other, ſo Powers 
are raiſed by multiplying the Logarithm of any Number by the 
Index of the Power, and Roots are extracted by dividing the Lo- 
garithm of the Number, by the Index of the given Power, and 
this it performs to ſufficient degrees of Exactneſs for almoſt all 
Uſes, let the Powers be never ſo high; which is impoſſible to be 
done by the common Methods of Operation ; and of this I ſhall 
give an Inſtance, and that is in the purchaſing of Annuities. 

If a be put for any Annuity, p for the preſent Value, x the A- 
mount of one Pound for one Year at any Rate, and ꝝ for the Num- 
ber of Years. Then, 


Becauſex: 1: : 4: 7 the preſent Value at the 1/2 Years End. 


And, x: 1: 2 47 the preſent Value at the 2dYcarsEnd, 


And, x: 1: 25 — the preſent Value at the 3d YearsEnd 
Oc 5 
. a a . . 0 5 
Then „ JF + Ir, &c. to Jy will 
be the preſent Value equal to p. 7 
a a. a 3 
But as Sx OraSX:1I::' 5— "LE de” 


* 


| | 5 
Therefore, p— * ED x—a 
| = 


| And, P $—p=a— 2 


And 
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. = 
And p=" 


H—— 


Let it therefore be required to find the preſent Value of an An- 
nuity of 50 J per Ann. to continue for Ninety Years, at the 
Rate of 5 per Cent. per Ann. here a =50 u=90, and x =1.05. Now 
in order to obtain the Anſwer, we muſt find the Ninetieth Power 
of x, or of 1.05 ; that is, we muſt multiply. 1.05 Ninety times into 
its ſelf, and how operoſe that is by the Common Way any one may 
judge; but by the Logarithms it is done with the greateſt Eaſe ; 
tor if . 0211893 the Logarithm of 1.05 be multiplied by go, 
the Product 19070370 will be the Logarithm of the Nintierh 
Power of 1.05, which being therefore ſubſtracted from 1.698976, 
the Logarithm ot à equal to 5 0, will leave 9.79183 zo, the Lo- 
garithm of . 619203, which being ſubſtradted from 50, and divi. 
ded by x—1=.05, will give 987.6 1594 equal to 987. 12 5.3 d.! 
for the Value of the Annuity ſufficiently exact. And as from the 


general Equation p——— „a may Theorems be deduced for 


finding the Value, Annuity, Rate or Time, and as the principal Dit- 
ficulty in applying thele Theorems to Practice conſiſts in raiſing the 
Powers of x in the Theorems, and as theſe are pertormed with 
the greateſt Eaſe by the Help of theſe Artificial Numbers, it ſhews 
of what great Benefit the Invention of theſe Numbers are to 
Mankind. ; 

I ſhall give one Inſtance more of the great Uſe of Logarithms 
in Arithmetical Calculations, and that is in the Caſe of Seſſa an 
Indian, as it is related by Dr-Wailis in his Opus Arithmeticum from 
Alſephad (an Arabic Writer) in his Commentaries upon Tograius's 
Verſes, who having firſt found out the Game of Cheſe, and ſhew'd 
it to his Prince Sheram, the King who was highly pleaſed with it, 
bid him ask what he would for the Reward of his Invention; 
whereupon he asked that for the firſt lictle Square of the Cheſſe-board 
he might have one Grain of Wheat given him; for the ſecond, two, 
and ſo on; doubling continually according to the Number of 
the Squares of the Cheſſe-board, which was ſixty four. And when 
the King, who intended to give a very noble Reward was much 


diſpleaſed that he had asked ſo trifling an one, Seſſa declared that 
would 
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would be contented with this ſmall one The Reward he had fixed 
upon was ordered to be given him, but the King was quickly aſto- 
niſhed, when he tound that this would riſe to ſo vaſt a Quantity 
that the whole Earth it ſelf could not furniſh out ſo much Wheat. 
and how great the Number of theſe Grains is, may be found by 
doubling One continually 63 times; ſo that we may get the Numi- 
ber that ſtands in the laſt Place, and then one time more, tor to 
have theSum of all, {inc- the double ot the laſt Term, leſs by one, is 
the Sum of allthe I ers: Now thiswill be more expeditioully done 
by the help of Logarii! u, and accurately enough roo for this Purpoſe, 
For if to the Logacithm of 1 (which is o) we add the Logarithm 
of 2, (which is. 30103 20 mulciplicd by 64, the Product will. be 
19.2659 200, and the abſolute Number agrecing to this will be great- 
er than 18446,00000,00000,00000, and leſs than 18447,00000, 
00000,00000, 

And laſtly, as all Operations in Natural Numbers that are 
performed by Multiplication and Diviſion, are performed by the Ad- 
dition and Subſtraction of theſe Artificial Numbers, he that knows 
how to manage the one cannot be ignorant how to apply the o- 
ther, in all Arithmetical Caſes. whatſoever. 

But before I conclude this Sgtion, it may not be amiſs to give 
ſome Accounc ot the Manner how the Lines upon the Gunter Scale 
are formed. | 

The Line of Numbers is no other than a Logarithmic Scale of 
Proportionals, wherein the Diſtance between each Diviſion is 
equal to the Number of mean Proportionals contained between the 
two terms, in ſuch Parts as the Diſtance between 1 and 10 is 
1000, Cc. Wherefore, | 

If the Diſtance between 1 and 10 upon the Scale be made equal 
to 10000, Cc. equal Parts. And .954, Cc. the Logarithm of 9g of the 
ſame Parts be ſet off from 1 to 9, it will give the Diviſion ſtanding a- 
gainſt the Number 9. In like manner, if 903, Cc. 845, Cc. 778, c. 
which are the Logarithms of 8, 7, and 6, &c. of the ſame equalParts 
be ſer off from x to 8, to 7, to 6, Cc. they will give the Diviſions 
anſwering to the Number 8, 7, 6, Cc. upon the Scale. 

Again, If 995, 991, 986, Cc of the ſame equal Parts, which 
are the Logarithims of 99, 98, 97, Oc. be ſer off from 1, Cc to- 
wards lo, they will give the ſeveral Diviſions upon the Scale that 
anſwer to theſe Logarithms, and after the ſame manner may the 
whole Line be divided. | 

| Again, 
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Again, If Numbers anlwering to the Natural Signs and Tan- 
gents of any Arch, in ſuch Parts as the Radius is 10000, Ce be 
found out upon the Line of Numbers right againſt them in the ſame 
Scale will ſtand the reſpective Diviſions anſwering to the reſpective 
Arches, for becauſe the Natural Sine of 30 Degrees is 5000, Cc. 
right againſt 80, upon the Line of Numbers ſtands the Sine ol 30 
degs. upon the Line of Sines ; and becauſe the Natural Tangent 
of 30 degs. is 57 7 of the ſame Parts right againſt 577 in the Line 
of Numbers ſtands the Tangent of 30 deg. upon the Line or Tan- 
gents, or which is the ſame thing, If the Diſtance between 50 
and 100 upon the Line of Numbers be ſet off in the Line of Sines 
from 90 towards the Left-hand it will give the Point anſwering to 
the Sine of 30 deg. upon the Scale; alſo if the Diſtance between 
57,7 and 100 upon the Line of Numbers be ſer off in the Line of 
Tangents from 45 towards the Left-hand, it will give the Point 
upon the Scale anſwering to the Tangent of 30 deg. and after the 
ſame manner may the whole Line of Sines Tangents and Verſed 
Sines be divided hy 

The Lines being thus conſtructed all Problems relating to Arith- 
meric, Trigonomętry, and their dependent Sciences may be reſolved 
by the Extent of the Compaſles only; and as all Queſtions whatſo- 
ever are reduceable into Proportions, the general Rule is this, to 
extend the Compaſles from the firſt term to the ſecond, and the 
ſame Extent of the Compaſles will reach from the third term to the 
fourth, which fourth Term muſt be ſo contrived as to be the thing 
required, which a little Practice will render eaſy. 


[The Eud of the firſt VoLu uz. 
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